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DESCRIPTION: State the application’s broad, long-terrn objectives and specific aims, making reference to the health relatedness of the project Describe
concisely the research design and methods for achieving these goals. Avoid summmaries of past accomplishments and the use of the first person. This abstract
is meant to serve as a succinct and accurate description of the proposed work when separated from the application. If the application is funded, this
description, as is, will become public nnformabon Thg;;gbie‘ do not include proprietary/confidential information. DO NOT EXCEED THE SPACE

PROVIDED.

progression, parncularly those related to the loss of hormone—dependency. and 2) determme the events that
'mMm@med mammary ¢ dinvo
anding what determines the neoplastic-cell lack of response to the regulatory controls for cell

proliferation and death is the main goal for experimental oncology. In the case of mammary celis, one of the
main controls for proliferation and differentiation resides in the action of pregnancy-related hormones.
Determine new genes and pathways that release the mammary epithelial cells from such a controlis a
fundamental issue in the fight against breast cancer. A particular aspect of this process will be focused in our
studies: the fast and aggressive behavior of tumors that resume growth after long periods of dormancy.
Although a relevant issue in the treatment of cancer patients, there has not been tog, mmc;gllgla; I,
molecular approaches to this issue. Our studies will be carried out using new MMTV variants that induce
pregnancy-dep ndent tumors that progressgo a hormone-independent behavior. Using the Inverse PCR
techmque “the MMTV sequences will provide us a molecular tag far cloning host genomic regions that, when
altered, contribute to tumor progression. It has been proposed that stimuli that trigger apoptosis in normal
cells, would fail in neoplastic tissue. in the mammary gland, the process by which the lactating gland goes
back to a virgin-like stats is known as mammary involution. This process takes place after each lactation
period and involves a very impertant reduction, by apoptesis, of the mammary alveolar eplthehum The
hgbglgng:ﬁathwmmmvated in.the mammary secratory cells right after weaning have received
a lat of attention in the scientific community during the last years. However; the very early causes that
determine the initiation of this process remain unknown. The purpose of the experiments described in our
project is to study these early events to determine how the lack of suckling induces mammary cell death.
This issue will be approached by in vivo as well as in vitro experiments. In addition, we will focus in
- determining whether neoplastic cells show alteration in the signaling pathways that lead to ‘mammary
epnhellum cell death and whether that would be relevant during tumor progression. .

PERFORMANCE SITE(S) (organization, city, state)
Division Medicina Experimental, Instituto de Investigaciones Hematoidgicas (IIHEMA), Academia Nacional de Medicina

Buenos Aires, Argentina.
o "';‘."‘:’”Ei"”f.f"f‘f«;:w“vrj.‘ U Y IRt A 4

KEY PERSONNEL. See instructions. Use continuation pages as neededto provide the required information in the format shown below
Start with Principal Investigator. List all other key personnel in alphabetical order, last name first.

Name Organization Role on Project
dinsdeovrnEuiiueiie IIHEMA, Academia Nacional de Medicina P

Cirio, Maria Cecilia i HHEMA, Academia Nacicnal de Medicina ‘Research assistant
_Gattelli, Albana IIHEMA, Academia Nacional de Medicina Post-graduate fellow
Quaglino, Ana : IHHEMA, Academia Nacional de Medicina Post-graduate fellow
Schere-Levy, Carotina IIHEMA, Academia Nacianal de Medicina Post-graduate fellow

Disclosure Pe;mission Statement. Applicabie to SBIR/STTR Only. See instructions. D Yes [___] No
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" Principal investipator/Program Director {Last, first, middie): W

The name of the principal investigator/program director must be provided at the top of each printed page and each continuation page.

RESEARCH GRANT
TABLE OF CONTENTS
Fage Numbers
Face Page dasennees — eiesastbesssessasaetsnssaarsastan st A b e s nba s st pet b n menas s Tesns 1
Description, Performance Sites, and Personnel........cueeveeecersenas 2- 2
TabIe OF COMEENLS....cviverrirereeevreeen e u s arrevesransresarorssnassssnsasesansve nessesnes essmtsensasass sonave sonmss asnas nsns raneasonssnss 3
Detailed Budget for Initial Budget Period {or Modular Budget) ......ccovevcuneennes 4
Budget for Entire Proposed Period of Support {(not applicable with Modular Budget)......ccccecueeerremrin -
Budgets Pertaining to Consortium/Contractual Arrangements (not applicable with Modular Budget) -
Biographical Sketch—-PnnCIpal Investigator/Program Director (Not fo exceed four pages) .......nee...... 5- 8
Other Biographical Sketches (Not to exceed four pages for each — See (SUCHONSEY) coveeveneeeeaenenen. 9- 15
RESOUICES ... cceciceecreeccccetcanees cos iemmacnasim e cesarorassesnanans emmesmmemcieeteetansansnnancsaneonns teveceermerene SR 16- 17
Research Plan
lntrodi.'ncu.on to Revised Application (Not o exceed 3 pages) ... . -
lnzroductlon to Supplemental’ Apphcahan {Not to exteed one page) g _______ -
A. Specific Aims .. e e s 18
B. Background and Sngmﬁcanee et e e s o sae et e s seeeite aeres sersseneessessrraennes tavesnsieesnenc]e 19- 21
C.. Prekminary Studies/Progress Report/ (iterns A-D: not fo exceed 25 pages?) 22- 35
Phase | Progress Report (SBIR/STTR Phase il ONLY) * SBIR/STTR Phase I items A-D iimited to 15 pages.
D: Research Design and MEHhOOS ... .ottt et it 36- 41
B BUMEN SUDJBOS ..ottt e e e e e e e -
' Protection of Human Subjects (quuired if tem 4 on the Facg Page is marked “Yes") _
Inclusion of Women (Required if ftem 4 on the Face Page is marked "Yes”) .........
Inclusion of Minarities (Required if Itern 4 on the Face Page is marked “Yes”) ....
Inciusion of Children (Required if item 4 on the Face Page is marked "Yes") .
Data and Safety Monitoring P\an (Required if item 4 on the Face Page is marked 'Yes and a Phase l ll or m chfuha.
trial is proposed ... i
F. Vertebrate Animals.. 41- 43
G. Literature Cited.. 43- 46
H. Consorti um/Oontractual Arrangements 46
I Consuitants.....( & f%ferend <. l C—ﬁ*?/\ -’s) . 46- 47
J.  Product Development Plan (SBIR/STTR Phase It and Fast- Track ONLY)
Checklist.... - R marecsesuarssatersenmernanyatesine 48
Appendix (Five collated sets. No page numbering necessary for Abpendix_ ) Checkif
. — Appendix is
Appendices NOT PERMITTED for Phase | SBIR/STTR unless specifically solicited. A included
Number of publications and manuscripts accepted for publication (not fo exceed 10) . 2
Other items (list):
4 color pictures
Letter of paper acceptance
+PHS 398 (Rev. 0S/01) Page __ 3 Form Page 3 +



! ~ Principat Invesngator.'Program Director (Last, first, middie): }m
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BUDGET JUSTIFICATION PAGE
MODULAR RESEARCH GRANT APPLICATION

Initiai Budget Period { Second Year of Support | Third Year of Support | Fourth Year of Support Fifth Year of Support

$ 50,000 $ 50,000 | $ 50,000 $ 50,000 $ 50,000

Total Direct Costs Requested for Entire Project Period _ " $ 250000

Personnel

Edith Kordon, Ph. D. (90% effort) will aversee the expenments contained within this proposal. in addition, Dr. Kordon will
be the main responsxble for surgical procedures.

Carolina Schere- Levy, Post-graduate fellow/Ph. D. student (100% effort), Lic. Schere-Levy will determine the activation of
different signaling pathaways during mammary gland involution. She will also investigate which of these pathways could be
triggered by LIF LIF (Leukemia inhibitory factor) in the pellet implanted mammary glands. She will alsc determine LIF activity
on mammary epithefial celf fines . (n order to carry out these studies she will performed the required molecular and
immunohistochemical analysis. .

Ana Quaglino,.Post-graduate fellow/Ph. D. student (100% effort). She will test the effect of stretching on mammary
epithelial cell cultures (cell lines and/or primary cultures). Besides, she will perform the experiments in transfected cells to
study LIF expression regulation. She wilt also determine the effect of LIF on mammary tumors in vivo and in culture . In
addition she will be in charge of testing the treatment with ant:sense-nucleotxdes in vivo. B

Albana Gattelli, Post-graduate fellow, Ph. D. student (100% effert), is in charge of clonmg the viral insertion sites in the
MMTV-induced mammary tumors. She will also test the mutation and expression of the mutated loci in-the tumor samples.
_ She will also perform the molecular analysis of tumors that resumed growth after dormancy.

Maria Cecilia Cirio, Assitant researcher/Pregraduate student (30% effort). She will be in charge of foliowing the animals
implanted with mammary tumors. She will also collaborate in the immunohistochemical assays. When she graduates, in
2003. hereffort will increase to 80-100% and she will collaborate in the analysis of mutated regions found by Gattelti.

To be Appointed Pathoiogist (20% effort), will collaborate with the histological (morphblogical and imhunohistochemlcal)
analysis of neoplastic and normal mammary samples.

Consortium
No consortium/contractual arengment have been made up to the moment with any individual or orgamzatuon However,

the economical situation in Argentina indicates that certain services and/or fechnical assistance provided by cur Institute
would have to be paid by the researcher’s grants in the coming future.

+ PHS 398 (Rev. 0501) Page _‘i__ Modutar Budget Format Page +
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BIOGRAPHICAL SKETCH

Provide the following information for the key persorinel in the order fisted for Form Page 2.
Follow the sample format tor each person. DO NOT EXCEED FOUR PAGES.

NAME : T POSITION TITLE
TSR : . | Associate Researcher
z 4
! .
EDUCATION/TRAINING (Begin with baccalaureate or other inttial professional education, such as nursing, and include postdoctoral training.)
INSTITUTION AND LOCATION _DEGREE YEAR(S) . FIELD OF STUDY
) (if appiicable) )
University of Buenos Aires, Argentina MS in Biology 1987 _ Animal Physiology
University of Buenos Aires, Argentina Ph. D. 1991 | Experimental
' oncology
National Cancer Institute, NIH, Bathesda, MD, 1992-1997 Mammary gland
USA . | biology
|
!

A. Posmons and Honors-

Posmons and Employments.

1986-1987 Pregraduate research assistant at the Natlonai Academy of Medicine, Buenos
' Aires, Argentina. Supervusors Claudia Lanari, Ph. D. Christiane Dosne Pasqualini,
Ph. D.
2001-2002 Post-graduate research Fellow supported by the National Council of Scientific and

Technological Research (CONICET), Argentina. Supervisors: Claudla Lanan Ph.
D. Christiane Dosne Pasqualini, Ph. D.
1992-19897 Post-doctoral Fogarty Fellow at the Laboratory of Tumor Immunology and Biology,
B . Natl. Cancer Institue. National Institutes of Health, Bethesda, Maryland, USA.
; Supervisors: Robert Callahan, Ph. D. and Gilbert H. Smith, Ph. D.
1998-present Member of the National Council of Scientific and Technological Research
(CONICET), Investigator Career. Position: Associate Researcher.

" Other Experience and Professional Memberships

2001-2002 Member of the American Society of Cell Biclogy .

1998-present Member of the Argentine Society of Clinical Investigation (SAIC).

1999-present Reviewer for fellowships, grants and career membership evaluation for the National
Council of Scientific and Technological Research (CONICET), Argentina.

2000-present Member of the Bio-safety Committee at the Institute of Hemathological Research,
National Academy of Medicine of Buenos Aires, Argentina.

2000-2001 Member of the Medical Sciences Study Section for fellowship evaluation for the Na’aonal

SEReT Council of Scientific and Technological Research (CONICET), Argentina.

2001 Member of the Comitee for fellowship evaluation for Antorchas Foundation, Argentina.

2002 International Union Against Cancer (UICC) fellow for the International Technical

T Exchange Program. University of Massachusetts Medical School, Worcester. MA,

USA. February-March, 2002, Supervisor: Lucio H. Castilla, Ph. D.

+ PHS 398/2590 (Rev. 05/01) Page D Biographical Sketch Format Page +



! Principal Invesngatorlpmgra‘m Darector (Lasr, first, mddie)”

Honors B B R
1989 Premio "Centenario de la Colectividad Judia en la Argentina" (“A century of Jewish

congregation in Argentina” Award for the best scientific work in Cancer:

“"Adenocarcinomas inducidos por acetato de medroxiprogesterona: un modelo murino”
(Mammary adenocarcinemas induced medroxiprogestorone acetate: a murine model )
Lanari C,, Kordon E., Elizalde P., Molinolo A. A., Charreau E. HA*Dos;ne Easg_mwfg

DA St L 8

1985. . Premio Accesit/ Lalcec (Angentine Ligue of Fight Against Cancer) "Mecanismos
regulatorios en la carcinogénesis mamaria murina por progestagenos” (Regulatory
mechanisms in mammary carcinogenesis by. Autores: Molinolo A,, Kordon E., Pazos

_P., Montechia M. F., Guerra F., Elizalde P., Luthy i., Charreau E. H., Dosne Pasqualini
C y Lanari C.

1996 - ASCB (American Society for Cell Biology)/ Glenn Foundation Award
"Evidence for a pluripotent mammary epithelial stem cell capable of self-renewal”.
Authors: Gilbert H. Smith and Edith C. Kordon. San Francisco, California, USA.,

December 8",

Selected peer-reviewed publications (in chronological order)

Publications selected from & total of 18 peer-reviewed publications

Kordon E., Lanari C., Molinolo A.A,, Elizalde P., Charreau E.H., Dosne Pésqua!ini C. D. Estrogen
inhibition of MPA-induced mouse mammary tumor fransplants. Int. J. Cancer 49: 900-905, 1991.

Jhappan C., Geiser A., Kordon E., Bagheri D., Hennighausen L., Roberts A., Smith G. H., Merlino G.
Targeting expression of Transforming Growth Factor §1 Transgene to the pregnant mammary gland
inhibits alveolar development and lactation. EMBO J. 12, 1835-1845., 1993.

Kordon E., Guerra F. Mohnolo A. A, Elizalde P., Charreau E., Dosne Pasqualini C. D., Montecchla F

Pazos P., Dran G, Lanan C. Effect of snaloadenectomy on medroxyprogesterone-acetate mduced
mammary carcinogenesis in BALB/c mice. Correlation between histology and epidermal- growth-factor
receptor content Int. J. Cancer 59, 196-203, 1994. -

Kordon E., Mc Knight R., Jhappan C., Hennighausen L., Merlino G., Smith G. H. Ectopic TGFb1
expression in the secretory mammary epithelium induces early senescence of the epithelial stem cell
population. Dev. Biol. 168, 47-61, 1985. :

Kordon E., Smith 'G.H.,' Callahan R., Gallahan, D. A novel non-MMTV activation of the Int-3 gene in
a spontaneous mouse mammary tumor. J. Virol. 69, 8066-8069, 1995.

Gallahan D.,Jhappan C., Robinson G.,Hennighausen L, Sharp R.; Kordon E., Callahan R., Merlino
G., Smith G.H. Expression of a truncated Int3 gene in developing secretory mammary epithelium
specmcally retards lobular differentiation resulting in tumorigenesis. Cancer Res. 56,1775~ 1785,

1996. ¢

+ PHS 3982590 (Rev. 05/01) Page é Bioggphical Sketch Format Page +




L ’ Principal Investigator/Program Director (Last, first, middie):

+

Kordon E., Smith G.H. An entire functional mammary gland may comprise the progeny from a smgle
cell. Development 125: 1921-1930, 1998

Buggiano V., Schere-Levy C., Abe K., Vanzulii S., Piazzon I, Smith G. H., and Kordon E.
Impairment of mammary lobular development induced by expression of TGFB1 under the control of
WAP promoter does not suppress tumorigenesis in MMTV-infected transgenic mice. Int. J. Cancer
92: 568 576 2001. - )

Rasmussen S., Kordon E., Callahan R., Smith G. H. Evidence for the transforming activity of a
truncated Int6 gene, in vitro. Oncogene 20: 5291-5301, 2001.

Buggiano V., Schere-Levi C., Gattelli A., Cirio MC, Marfil M, Nepommaschy |, Piazzon |, Helguero L,
Vanzulli S. and Kordon E. Ongln and Progress:on of Pregnancy-Dependent Mammary Tumors
Induced by New Mouse Mammary Tumor Virus Variants. Breast Cancer Res. and Treat.. 2002. In
press.

' C.Research Suppo:rt

Ongoing Research Support

2001-2003  Junior Investigator Award. Subject: “Pregnéncy~dependent mouse mammary tumors
induced by new MMTYV variants. Study of origin and progression”. National Agency for
Science and Technology Promotion, Argentina. Role: Pl.

2001-2002 Ramén Carrillo-Arturo Ofiativia 2001, Junior Investigator Award. “Searching for new
factors involved in mouse mamary gland normal and neoplastic development’National
Secretary of Public Health, Argentina. Role: PI

2001-2002 Basic Research Award in Development. “LIF (Leukemia Inhibitory Factor) role during
mammary gland development”. Antorchas Foundation, Argentma. Role: PI.

2001-2003 Basic Research Grant Award. Subject: Blology and tumorigenicity of Mouse Mammary
Tumor Virus (MMTV) new variants”". National Agency for Science and Technology

Promotion, Argentina. Role: Co-investigator.

2001-2003  Medical Basic Research Award. Subject: “Role of protein Ga12 in mammary gland noral
and neoplastic development”. Alberto J. Roemmers Foundation, Argentina. Role: Pl.

Completed Research support

1998-2000 Medical Ba.sic Research Award. Alberto J. Roemmers Foundation, Argentina.
Subject: “Effect of WAP-TGFB1 expression on MMTV-induced mouse mammary

tumorigenesis”. Role: Pl

+ PHS 398/2590 {Rev. 05/01) ) Page 2 Biographical Sketch Format Page +



! : . Principal Investigator/Program Director (Last, first, middle): :
~ 2001-2001 Ramo6n Carrillo-Arturo Ofiativia 2001. Junior Investngator Award Subject: “Role of ..
mammary stem cells in mammary gland neoplasia”. "National Secretary of Public

Heailth, Argentina. Role: Pl.

1999-2000 Basic Research Award in Development. Subject: “LIF (Leukemia Inhibitory Factor) role
during mammary gland development”. Antorchas Foundation, Argentina. Role: Pl.

1999 Re-entry Grant. Award for post-doctoral feliows that have returned to the country.
Subject; New aspects of mammary gland deveiopment. Antorchas Foundation,
Argentina. Role: Pl.

+ PHS 39872890 (Rev. 05/01) Page 8 Biographical Sketch Format Page +



I - ' Principal InvestigatorProgram Director (Last, first, middie)’

BIOGRAPHICAL SKETCH

Pravide the following information for the key personnel in the order listed for Form Page 2.
Follow the sample format for each persan. DO NOT EXCEED FOUR PAGES.

NAME =OSITION TIiLE
Schere-Levy, Carolina P. Post-graduate Feilow
EDUCATION/TRAINING (Begin with baccalaureah—s or other initial professional education, such as aursing, and include postdoctaral training.)
INSTITUTION AND LOGATION _DEGREE YEAR(s) FIELD OF STUDY
(if applicable)
University of Buenos Aires (UBA) M.Sc. . - 1991-1997 | Molecular Biology
Biology
University of Buenos Aires (UBA) _ ' Ph.D 1999-2003 | Mammary gland
Student biology
80%
completed

A. Positions and Honors.

1995 Pregraduate Research Assistant: Signal transduction laboratory. Institute of
Biochemical Research Luis F. Leloir, Campomar Foundation. Signal transduction of
Leukemia Inhibitory factor. Supervisor: Luis Jimenez de Asua, MD, Ph.D

1995-1996 Selected to participate as a winter student at the Weizmann Institute of Scieﬁce
Rehovot, Israel. Role of cytokines and growth factor in p53 induced apoptosxs of
granulosa cells. Supervisor: Professor Abraham Amsterdam.

1999-present National Scientific Research Council Post-graduate Fellow (CONICET). Department of
Experimental Medicine. - National Academy of Medicine from Buenos Aires.
Supervisor: Edith C. Kordon, Ph.D : S

B. Selected peer—reviewed publications.

= Leukaemia Inhibitory Factor Induces Mitogenesis in Swiss 3T3 Cells and Selective Enhancement
via a Variety of Signalling Events. Carolina Schere Levy, Moira Sauane, Philip S. Rudiand and
- Luis Jimenez de Asua. 1997 Blochem:cal and Biophysical Research Communication 236, 814-

818.

= Steroid and Aging. Abraham Amsterdam, Ada Dantes, Kumico Hosokawa, Carolina Schere Levv,
Fumikazu Kotsuji and Dorit Aharoni. 1998 Steroids 63, 314-318.

‘= Modulation of Mdm2 Expression and p53-Induced Apoptosis in lmmo&alized Human Ovarian
Granulosa Cells. Kumico Hosokawa, Dorit Aharoni, AdaDantes, Eitan Shaulian, Carolina Schere

+ PHS 398/25¢0 (Rev. 05/01) Page _ﬂ__ Biographical Sketch Format Page +



! ' - Principal Investigator/Program Director (Las?, first, middie): WC
Levy, Ruth Atzmon, Fumikazu Kotsuiji, Moshe Oren, Israel Viodavsky and Abraham Amsterdam.

1888 Endocrinology vol.139, No 11, ﬁ§8—4700};g; 1Y

= |nduction of Ad4BPI/SF-1, Stermdogemc Acute Regulatory Protein and Cytochrome P450scc
Enzyme System Expression in Newly Established Human Granulosa Cell Lines. Kumico
Hosokawa, Ada Dantes, Carolina Schere lLevy, Amihai Barash, Yoshio Yoshida, Fumikazu
Kotsuji, Israel Viodavsky and Abraham Amsterdam. 1998 Endocrinology vol. 139, No 11, 467%-
4687.

= Wap-TGF B1 mouse transgenic model shows that MMTV-oncogenic transformation occurs mainly
in the undifferentiated mammary stem cell population. Valeria Buggiano, Carolina Schere Levy,
Keiji Abe, isabel Piazzon, Gilbert H. Smith and Edith Kordon. 2001 /nternahonal Journal of
Cancer, 82, 568-76.

= QOrigin and progression of pregnancy-dependent mammary tumors induced by new mouse
mammary tumor virus varants. Valeria Buggiano*, Carolina Schere-Levy*, Albana Gattelli*, M.
Cecilia Cirio, Mariana Marfil, [rene Nepomnaschy, Isabel Piazzon, Luisa Helguero, Silvia Vanzulli,
Edith C. Kordon. 2002. Breast Cancer Res. Treat in press. *These authors equally contributed to

this paper.

Peer reviewed abstracts, presented in scientific meeting and published in international journais:

La muerte celular del epitelio secretorio mamario inducido por la expresiéon de TGFf31 no afecta la
actividad tumorigénica del virus de tumor de mama murino (MMTV). Carclina Schere-Levy, Valeria
Buggiano y Edith Kordon. Medicina (Buenos Aires), vol.58 N° 5/2, 1998.

Estudios sobre origen celular y hormono-dependencia de tumores ‘mduci’dos por nuevas variantes
del virus. de tumor mamario de ratén (MMTV). Carolina_Schere-Levy, Valeria Buggiano y Edith
Kordon. Medicina (Buenos Aires), vol.58 N° 5/2, 1988.

La infeccion de hembras transgénicas para WAP-TGFb1 con el virus del tumor mamario de ratén
(MMTV) resulta en fa induccion de tumores mamarios y la reversion del fenotipo senescente. Valeria
Buggiano, Carolina Schere-Levy, Marcela Franco, Cecilia Cirio, Gilbert Smith, Edith Kordon.
Medicina (Buenos Aires), vol.59 N° 5/2, 1999,

inserciones..del virus del tumor mamario murino (MMTV) como herramlenta de estudio de la
progresion tumoral. Albana Gatelli, Carolina Schere-Levy, Mariana Marfil, M. Cecilia Cirio, Valeria
Buggiano y Edith Kordon. Medicina (Buenos Aires), vol. 60 N° 5/2, 2000.

Estudios sobre la participacion del Factor Inhibidor de Leucemia (LIF) en el desarrolio de la glandula
mamaria normal y neoplasica.. Carolina Schere-Levy; Valeria Buggiano y Edith Kordon. Medicina
(Buenos Aires), vol. 60 N° 5/2, 2000.

El Factor Inhibidor de Leucemia (LIF) participa en la involucién de la glandula mamaria. Carolina
Schere-Levy, Valeria Buggiano, Silvia Vanzulli y Edith Kordon. Medicina (Buenos Aires), vol. 61 N°
5/2,2001.
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+ PHS 3982530 (Rev. 05/01) Page 15 e Biographical Sketch Forrmat Page +



b

Principal investigator/Program Drector (Last, first, middie): }m )

RESOURCES L dmgis

FACILITIES: Specify the factities to be used for the oor‘duct of the proposed research Indicate the performance sites and describe capar:nea.
pertinent capabilities, relative proximity, and extent of avalilabiiity to the project. Under "Cther,” identify support services such as machine shop,
electronics shop, and specify the extent to which they will be available to the project. Use continuation pages if necessary. )

Laboratory
Our Division counts with four laboratories, two of them for mouse work one for cell culture work and the fourth one for

molecular ‘analysis work. We share these laboratories with another three groups of approximately the same size of ours.
These laboratories are fully availabie for our work

Clinical:
NA

Animal:
Our mouse colony counts with seven air conditioned rooms at 20 + 20C under an automahc 12h hght/‘l” hour darkness

schedule. The mice are maintained in a pathogen-free environment, They are housed 4 per cage in and given sterilized
laboratory chow and water ad libitum in accordance with the NiH Guide for the Care and Use of Laboratery Animals. Tae
animals are under permanent professional veterinarian care. Dr. Héctor Costa (MV) is our full time professional assistant,
member of the CONICET (National Council of Scientific and Technological Research) Assistant Career, who takes care of
the animal heaith. Besides, there are another 5 non-professional employees who take care of the different maintenance

work (cleaning cages, feeding the animails, etc.) in the animal facitity.

Computer:
Our Division counts with six computers, two of them connected to Internet. These computers are shared by 12 full-time

investigators and fellows, and 3 part-time assistants. Our group has shared access o 2 of the computers {one with
internet connection) and only one is for exclusive use of our group (no Internet connection availabie)

Office . :
Research fellows and assistants (8 in total) share a big room with 6 desks and 3 oomputers The 6 nndependent

investigators share 4 offices, 3 of them with computers .

Other:

MAJOR EQUIPMENT: List the mast important equipment items already available for this project, noting the location and pertinent capabilities of each.
Our lab counts with 3 horizontal electrophoretic aparattus and a vertical one. Two table centrifuges (one for Eppendorft
tubes, the other one for cells, both refrigerated), a hybridization oven, automatic developer, 2 PCR machines, 2 optic
microscopes, a shaker for bacteria culture, 2 incubators for celf culture, 3 laminal flows, 4 refrigerators, three -20 freezers,
one -80 freezer, a liquid nitrogen tank and an autoclave. All this equipment is fully avaifable for our use at any time.
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In vther Sections of the National Ayca'demy of Medicine (same buiiding, different laboratories), there are a Flow Cytométer
and a Automatic squencer that are available for our use with previous reservation.
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8. RESEARCH PLAN

Tumor progression and apoptosis in mouse mammary gland

a) Specific aims:

What is the cause for the lack of response to the regulatory mechanisms of proliferation and
death control observed in the neoplastic cells? This is the main question that experimental oncology
addresses over and over again. ln the mammary gland, hormones and growth factors associated to
pregnancy, lactation and involution are the responsible for controlling mammary epithelium
proliferation, differentiation and death. Understanding how the progressive altcration of the control
exerted by these factors is involved n the process of mammary tumor initiation and progression is the

long-term goal of our research.
The project presented below is focused in two main objectives:

Allnvestigating mechanisms of progression of pregnancy-dependent mammary tumors

We count on a new mouse mammary tumor model for studying hormone-dependent mammary
tumor progression that allow us to dissect the process quite meticulously. We are particularly
interested in the progression of pregnancy-dependent tumors that remaine dormant in virgin females for
long periods. Our preluminar results suggest that during dormancy, events that result in the selection of
more aggressive and undifferentiated tumor cells are ocurring. This issue is very relevant from the
scientific as weil as from the clinical point of view. However, there are not miany experimental models
that deal with this problem. Therefore, our approach could render some interesting insights into this
field.

As explained below, the MMTV-induced mammary tumor models allow the identification of
genetic loci that have been mutated during carcinogenesis . In our model we can identify mutations
specifically associated with to progression of hormone-dependent cells to a hormone-independent
phenotype. In addition, we set up a new approach for isolating and cloning these loci that will allow a
faster discovery of sequences involved in this process.

B) Mammaryv apoptotic signals and tumor escape mechanisms

The results we have obtained investigating the role of the Leukemia Inhibitory Factor (LIF) on
mammary gland development got us interested in the process of mammary gland involution. Right
after weaning, apoptosis is triggered in many lobulo-alveolar mammary cells. Interestingly, the very
early causes that determine the initiation of this process remain unknown. We then decided that
imestigating this early events could lead us to very seminal information about how apoptosis can be
tnggcred in mammary epithelium. Therefore, we could find out whether those mechanisms are altered
in mammary tumor cells. To achieve this goal we decide to 1) get a deeper knowledge about LIF role
during mammuary involution; 2) investigate the events that precede and proceed LIF expression and
action; and 3) compare the data obtained in normal epithelium with mammary tumor cells.
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Background and significance:
Mouse Mammary Tumor Virus-induced pregnancy dependent tumors. Origin and progressmn

Mouse mammary tumor virus or MMTV 1s a type B retrovirus causing tumors in susceptible mice
by acting as an inscrtional mutagen in somatic cellular genes. MMTYV 1s transmitted either horizontally
as milk-bormn exogenous variants or vertically as germ-line integrated provirus (Mtv). This phenomenon
- has provided the basis for an approach to identify genes which, when affected, may contribute to

cancer progression. Eight different genes have been shown to be genetically altered in multiple
mammary tumors as a consequence of MMTV integration (Callahan, 1996).

Mammary tumors induced by exogenous MMTYV frequently arse from preneoplastic lesions
termed hyperplastic alveolar nodules (HANs). HANs can be serially transplanted in female mouse
hosts. Upon transplantation these lesions onginate pre-neoplastic clonal dominant cell populations
frorn which, eventually, clonal-dominant mammary carcinomas and even metastases arise (Callahan &
Smith, 2000). In consequence, it has been proposed that mew MMTYV insertions in cell genome
followed by clonal selection is the main mechanism by which this fumor progression sequence

proceeds.

Alternatively, some MMTV strains are able to induce premalignant ductal lesions named plaques,
*which arise during pregnancy and regress after parturition (Callahan, 1996). Plaques have also been
“serially transplanted and it was found that upon this procedure, these lesions retain the ability to
" produce hormone-dependent (HD} tumors in pregnant females while they grow into normal ducts in
non-pregnant hosts (Aidells & Daniels, 1974). It was shown that these HD tumor lines consist mainty
* of clonal dominant populations (Peters et al, 1984). However, other authors have reported that early
passages of HD tumors from GR mice have different mutated loci than later passages showing
hormone-independent (HI) behavior (Michalides ct al., 1982). This suggested the possibility that the
HD tumors were composed of polyclonal populations

It has been previously shown that identification of MMTYV msertions by Southern blot analysis in
a mammary cell population indicates their clonal or nearly clonal origin (Kordon & Smith, 1998).
- Unique virus-host restriction fragments constitute a specific and reproducible pattern of bands only if
they are present in most cells in a population. In case this was derived from the expansion of many
different progenitor cells, then specific MMTV-host restriction fragments would be hard to detect,
- - since retroviral DNA insertions occur randomly at multiple sites in cellular DNA (Withers-Ward et al,,
1994). In fact, it was shown that intact lactating MMT V-infected mammary glands which represent
polyclonal populations -because secretory lobules develop from multiple progenitors at multiple sites-
do not show a pattem of specific M]VITV-host restncnon fragments (Kordon & Smith, 1998)

Three new exogenous MMTV vanants (BALB2 BALB 14 and LA MMTV) were described in our
mouse colony (Golovkina et al., 1997; Buggiano et al., 1999). The three variants appearing together
were designated MMTV (LA) in recent publications (Golovkina et al.,, 1997, Buggiano et al.,, 2001).
. BALB/c infected with MMTV (LA) showed a 90% incidence of mammary tumors. These tumors were
mitially pregnancy -dependent They regressed completely or partially between pregnancies and they
re-appeared at the same site in subsequent pregnancies. Eventually, they could progress to become
'autonomous and grow independently of the female hormonal status (Buggiano et al., 1999).

Leukemxa inhibitory factor invelvement in mammary gland biology A
: The pleiotropic cytokine leukermia inhibitory factor (LIF) is a secreted 38-67. KDa glycoprotein
* first named for its ability to induce macrophage differentiation in the murine myeloid leukemic cell line

(9



M1 (Gearing et al., 1987). Messenger RNA for LIF has been detected in a variety of adult mouse
tissues and displays different biological activities including effects on bone metabolism, inflammation,”
neural development, embryogenesis and the maintenance of implantation (Taga et al., 1997, Hilton et
al., 1954). In the mouse uterus, LIF is expressed m the endometrial glands coincidentally with the time
of blastocyst implantation. Females that lack a functional LIF gene are fertile, but their blastocysts are
unable to implant in uterus (Stewart et al., 1992). In the uterus, LIF expression occurs possibly as a
direct response to the increase of circulating levels of estrogen occurring on day 3 or 4 of pregnancy,
coincidentally with implantation. Out of pregnancy, during the menstrual cycle, it has been shown that
LIF expression in the uterus is confined to the glandular epithelium during the mid and late secretory
phases (Cullinan et al., 1996; Shen et al., 1992).

A potential role for LIF in the pathogenesis of human breast cancer was indicated by the finding
of LIF prowin production by the MDA-MB 231 breast cancer cells (Kellokumpu et al., 1996). In
addition, the increase on proliferation that this factor induces on several estrogen-dependent (MCF-7
and. T47D) and estrogen-independent (SK-BR3 and BT20) breast cancer cell lines and fresh breast
carcinoma cells, indicates that LIF would play an important role in mammary neoplastic cell replication
(Kellokumpu et al., 1996; Estrov et al., 1995). More recently, it has been found that LIF expression in
these cells can be modulated by progestins and antiprogestins (Bambcrg et al,, 1998). However, we
~ have not found in the literature any evidence reporiing LIF expression and/or activities in the normal

mammary gland tissue. Therefore, we decided to investigate whether LIF is differentially. expressed m
the miammary gland developmental stages and whether this protein actively participates in the
mammary epithelium growth and/or function. The fundamental role that estrogen and progesterone
play on mammary gland proliferation and differentiation made as hypothesizes that LIF could play a
relevant role in these processes in either virgin or pregnant females. Iowever, our results show that
LIF expression is up-regulated during post-lactational involution, being associated to the secretory
epithelium apoptosis that occurs at the early phase of this period.

Reports of LIF biological activity on breast cancer cells also differs from our observations in
the normal mammary gland. It has been shown that LIF stmulates cell growth in several breast cancer
cell lines in a dose dependent manner (Estrov et al., 1995, Kellokumpu et al., 1996). However, our
results show that in vivo, LIF expression is associated with natural occurring cell death and that
exogenous LIF treatment induces apoptosis in the mammary gland. In addition, we have found that
proliferation of a normal mouse mammary epithelial cell ine, NMuMG, is significantly inhibited in a
_dose-dependent manner by LIF treatment. More experiments are required to. Jetermine whether these
differences could be due to the neoplastic vs. normal, or the human vs. mouse naturc of the tested

mammary cells.

The mvohution of mammary gland following weaning involves a set of events that results in
returning to a virgin-like state. This process involves two distinct stages. The initial one is
characterized by programmed cell death of the differentiated epithelial cells and induced expression of
apoptosis related proteins (Lund et al., 1996, Li et al., 1997 and Nguyen et al., 2000). This is followed
by a second stage that involves extensive tissue remodeling and a characteristic spatial and temporal
expression pattern of a number of extracellular proteinases (Lund et al,, 1996). The LIF expression
pattern shown by our results indicates that this factor is associated with the first stage of mammary

- gland involution. Its involvement in this phase is supported by the fact that LIF pellet implantation in
lactating mammary glands induced a significant increase of epithelrum apoptosis, while no effect on
the mammary architecture was observed. It has been previously found that first stage of involution is
dependent upon mammary-derived local signals induced as a consequence of milk-stasis, while the
second one is caused by the loss of circulating lactogenic hormones (Nguyen et al., 2000). These facts



fit well with our data showing that interruption of milk efflux during lactation increased LIF expression
levels significanly. Alternatively, no major changes in L1 expression were noted when a lactogenic
hormone as Hyd was inoculated in mouse females during mammary involution. The specific signals
that derive from milk stasis and result in local factor, like LIF, release remain unknown. It has been
postulated that cellular stretching associated with milk accumulation in the alveolar lumina could be
responsible for STAT3 activation (Chapman et al,, 1999) as previously reported for cardiomyocytes
(Pan et al., 1999). Similarly, LIF expression was induced in cardiac miocytes in ex vivo experiments of
- feline heart hemodynamic overloading (Wang et al., 2001). Although it is a very interesting possibility,
more_experiments need to done in order to address the question whether cellular stretching could be
fully responsible for the release of LIF and other local factors during the first phas¢ of mammary

mvolution.

Apoptosis is an intrinsic part of mammary involution. Natural weaning as well as litter removal
stimulates oligonucleosomal DNA laddering and changes in gene expression indicative of apoptosis.
Interestingly, simularities in the activation of signaling cascades and gene expression patterns were
observed between the first stage of mammary involution and the few experimental models in which
LIF induced programmed cell death.. Apoptosis during involution was associated to STAT3 activation
(Li et al., 1997), expression of cell cycle control proieins as c-Jun, JunB; JunD, ¢-Fos and c-Myec,
(Marti et al., 1994) and death related genes as Interleukin 1b Converting Enzyme (ICE) (Lund et al.,
1996) or Bax (Heermeier et al., 1996; Quarri et al., 1996). On the other hand, it has been reported that
LIF activates terminal dxﬁerennanon and deptOSlb in myeloid leukemia M1 cells through STAT3
activation (Minami et al, 1996); this factor induced apcptosis of cultured sympathetic neurons
associated to Bax and c-Jun N-terminal kinase (JUNK) (Savitz & Kessler, 2000), and LIF induced
growth arrest and increased cell death rate in two carcinoma cell lines associated to c-Myc and ICE
expression induction (Kamohara et al.,, 1997). Therefore, the activation of these common signaling
pathways can be indicating possible mechanisms for LIF apoptosis induction in the mammary
epithelum.

The participation of activated STAT3 in mammary gland involution has been already
demonstrated. Mammary local factors stimulate STAT3 phosphorylation during involution (Li et al.,
1997) and mammary gland of STAT3 conditional knock-out mice showed suppression of epithelial
apoptosis that led to a dramatic delay in mammary gland involution (Chapman et al., 1999). Our results
show an increase in the level of STAT3 phosphorylation in the LIF treated mammary gland, in which
apoptosis induction was also shown. Therefore, this suggests that LIF might induce mammary
epithelium programmed cell death by activation of the STAT3 signaling pathway.

21



c. Preliminarv studies

MMTV(LA)induced mammary tumor behavior
First transplant generation

Sevenieen primary tumors from pregnant MMTV (LA)-infected females were transplanted in
inbred uninfected BALB/c female mice. We {ound that most of them (11/17) were fully able to develop
in female hosts when impregnated, but did not show any growth for more than 5 weeks when
transplanted into virgin hosts. Tumor lines that showed this behavior were called pregnancy-dependent
or hormone-dependent (HD) tumors. Figure 1 shows that some of these HD lines (n=6) showed
regression after each parturition (Figure la, Tumor D-2A), while others did not (n=5) (Figure 1b,
Tumor 2236).

Alternatively, some of the primary tumors were able to grow in virgin hosts. However, some of
these lines (n=4) were still able to respond to pregnancy since tumor transplants grew earhier and faster
m multiparous females than in virgin hosts (Figure 1¢, Tumor 2216). We refer to them as preghancy or
hormone-responsive (HR) turnor lines. Only 2 of the' primary tumor transplants grew in virgin hosts and
their development was not stimulated by pregnancy (Figure 1d, Tumor 2126); these are referred to as
pregnancy-independent or hormone-independent (HI) tumor lines.
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Figure 1. Examples of the four differcat tumor growth patterns at first transplant generation: a)Hormone-dependent
(HD) tumor showing regression after each pregnancy, b) HD tumor which does not regress after each pregnancy, c)
Hormone-responsive (HR) tumor, d) Hormone-independent (HI) tumor. Each point represents the mean surface of 3 to 8
mammary tumors passages + SD in multiparous (@) and (A) virgin females. The arrows indicate the end of each
pregnancy.
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, Figure 2 shows Southemn blot analysis of multiple first passages from 6 primary tumors (4 HD,

-1 HR and 1 HI). Only in a few cases, bands associated with MMV insertions were clearly observed in
all first transplant generation implants from an HD tumor. Figure 2B shows one of these cases in which
all the passages showed clear additional bands corresponding to exogenous MMTV insertion events
occurnng in most tumnor cells. On the other hand, Figure 2C shows that most implants from HD tumors
did not show a stable pattern of bands. In tumor 2144, bands corresponding to exogenous MMT'V are
observed in only one implant, while no exogenous insertions are detectable in the other 6 parallel
~ transplants. Tumor 2280 shows two bands in one of the transplants, but only one of these bands is
present in a second implant and possibly in the third one, but with lower intensity. In the case of tumor
2236 a single band corresponding to.exogenous MMTV insertions was found in only two of the three
assayved DNA samples. Figure 2D shows the band patterns corresponding to 2216 primary tumor and its
successive passages. This tumor line showed an HR behavior. Once again, a stable pattern of bands was
not found in the first transplant generation implants. Only one of these three implants showed an
identical pattern to the one found in the primary tumor. Other implant showed an extra band, while the
last one showed one band less. The fact that one of the tumor passages showed fewer bands than the
~ primary tumor strongly suggests that the latter was composed of several cell populations. Eventually,

“one of these populations became predominant and gave nise to a clonal or quasi-clonal population as

* seen in passage 2 and 3.
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Figure 2. Southern blot analysis of Eco RI digested DNA from tumor transplants with different growth patterns:

(A) spleen DNA digestion pattern from a BALB/c mouse is displayed in order to despict Eco RI restriction pattern of
endogenous MMTV sequences. B) & C) Four HD tumors at first transplant generation; D) HR, primary tumor (1°),
first (P1), second and third (P2 and P3) transplant generation; Ey HI tumor, first transplant generaticn. DNA from
cach tumor was digested with Eco Rl, and Southern blot analysis was carried out. In every case the blots were
hybridized with a specific probe for MMTV-LTR scquences. The arrowheads indicate the location of host-viral
restriction fragments indicative of the presence of exogenous MMTYV proviral insertion within the somatic DNA.
The 5 upper bands correspond to endogenons MMV sequences present in BALB/c mouse genome.

When no exogenous MMTV associated bands were detected in Eco RI digested tumor DNA, it
was possible that they were masked by bands corresponding to similar size fragments generated from
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endogenous MMTV-LTR sequences. Therefore, in those cases, other restriction enzymes such as Hind
111 and Bgl 1l were used in an attempt to unmask putative hidden bands. However, analysis of HD first-~
generation transplants, which did not show new insertion bands after EcoRI digestion, also failed to
provide evidence of a homogeneously mutated tumor cell population when treated with other enzymes

(data not shown).

Passages from the HI tumor lines showed a very strong and stable pattern of bands
corresponding to exogenous MM1'V ¢cDNA insertions, indicating that these tumors were mostly clonal
derived cell populations. An example of this, in which the 10 parallel transplants from HI tumor 2126
displayed the same two extra bands, is shown in Figure 2E. Therefore, these results suggest that while
MMTV (LA) tumors showing an HI patiern of growth are mostly clonal derived cell populations,
pregnancy dependent lesions can be composed of several different cell populations, each of them with
different MMT V(LA) insertion sites.

Pregrnancy-dependent tumor progression
After consecutive passages, I1D and IIR tumors progressed to an HI behavior. We found that

selection of hormone-independent cells by a hormone-deprived environment was not necessary for the

progression of these tumor variants. This was observed in at least 4 different HD tumor lines. For

example, Figure 3 shows how D2 HI tumor variants appeared very early after implantation. In the first

transplant generation, they appeared before and, in the second one, during the first pregnancy.. SBA
showed that in both of these HI lines there were extra bands, not present in the HD passages of this
tumor line. These bands were observed in all parallel and subsequent passages of these HI variants.

Interestingly, although they appeared independently, both D2 HI vanants showed the same pattern of

bands suggesting that they originated from the same cell subpopulation already present at a low

percentage in the HD tumor.
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Figure 3 Tumor D2 Progression to hormone-independence
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P1: First transplant generation, P2: Second transplant generation, P3: Third transplant generation. A) HD first transplant
generation (n=6), B) HI first transplant generation (n=1), C) HD second transplant generation (n=5), D) .H! sccond transplant
gencration (n=1). PA: passages of tumors A, PB: passages of tumor B, PD: passages of tumor D. In tumor growth curves (when
p>1) each point represent Media + SD of 4-6 tumor transplants in multiparous (@) and (&) virgin females. Small arrows indicates
tumor passages. Large arrows indicate Southern blat analysis of A, C, PB and PD twmors. Tumor DNA was digested with Eco RI

and hybridized with a probe specific for MMTV-LTR sequences. Arrowheads show exogenous MMTV proviral insertion sites.

Figure 4 shows other examples of tumor progression patterns. HD tumor passages that remained
dormant for more than 4 months in virgin females, would grow during a late pregnancy or upon
hormone-stimulation. However, they behaved as HI tumors in the following generation. This pattern of
progression was observed in 6 different HD tumor lines (Figure 4A shows one of them).

In several cases, HD tumors progressed slowly to an HI phenotype, through several HD and/or
HR passages. Tumor 2280 is an example of this. In this case, bands by SBA showing the predominance
of a clonal subpopulation were already obser\ ed at passage 3, which showed an HR behavior (Figure

4B).
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Figure 4 Progression to hormone-independence.
{A) Tumor 2318 as an example of tumors that progressed following a dormant state. (B) Tumor 2280 as an example of HD

tumors that progressed through HR stage/s.

1) Growth at first transplant generation, b) Growth at a second  transplant generation. Each point represents the mean The
arrows indicatce the end of cach pregnancy. ¢) Southern blot analysis shows restriction pattern of MMTV proviral insertions.
Arrowheads show exogenous MMTV viral insertions. P1 HD: hormone-dependent first transplant generation; P2 HIL:
hormone-independent second transplant generation; P3 HR: hormone-responsive third transplant generation. In panel
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We have found that tumors that went through a dormancy period (150 to 300 days) only grew
upon hormone stimulation. Nevertheless, they showed a HI pattern of growth in the successive
passages. Interestingly, they also showed specific histological features: high level of fibrosis and
squamouts metaplasia foci that suggest the presence of progenitor epithelial cells that went through
diverge differentiation towards ectoderm. None of these features were common in tumors that did not

go through dormancy.

color prints in the appendix

Figure 5 : Hematoxilin-Eosin staining of tumor passages that remained dormant in virgin females and resumed grow upon
hormone stimulation. It is noticeable the high amount of fibrosis and the presence of squamous metaplasia foci (insent) in

the transplants.

Tumor progression. Histalogical and ER & PR content analysis.

At first transplant generation, all the HD and HR analyzed tumors were well-differentiated
‘mammary adenocarcinomas with an either papillary-cystic or ductulo-acinar morphological pattern.
Alternatively, HI tumors showed a variety of histological patterns; while some HI tumor lines resembled
the pattern found in HD carcinomas, others showed a very poorly differentiated architecture. Figure 6
shows examples of 3 different patterns found in our mammary tumor passages. First, a ductal-cystical
papillary pattern commonly found in HD transplants is displayed (A). The second panel (Figure 6B).
shows a well-differentiated glandular-cystic morphology found in an HR passage. Finally, a poorly
differentiated adenocarcinoma is shown in Figure 6C, corresponding to an Hl tumor_line. Noteworthy,
scattered areas with the latter morphology comprised from 5 to 40% in HR tumors and up to 90% in Hi

ones.

Figure 6. Histological features of MM TV-induced mamunary tumors progressing from HD to HI phenotype.

(A)Well differentiated adenocarcinomas with papillary formations into lumen of cystic ducts and stromal invasion that were
mostly found in HD tumors. (B) Adenocarcinomas with cystic and solid- cribiform pattern that were seen most commoaly in
HR tumors. (C) Poorly differentiated adenocarcinomas with predominant solid paittern were found in several HI tumors

(H&E, 125X). A _
A very good correlation was found between hormone-responsiveness and the expression of ER

and PR. Immunohistochemical analysis showed high number of cells expressing these receptors in all
the analyzed HD and HR tumor transplants (Table 1; Figure 7 A & C). However, HI tumors -even the
well-differentiated ones- always presented low ER and PR levels (Table 1, Figure 7 B & D). Therefore,
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it can be concluded that progression to autonomous growth was associated with & s1gmf’ icant Joss of ER
and PR content. Similar results were obtained when ER and PR conient was analyzed by Western biot
analysis: HD tumors showed higher ER and PR expression levels when compared with HI passages.
Representative Western blots are shown m Figure 7E.  color prints in the appendix

Figure 7: Immunostammg for Estrogen (ER) and Progesterone Receptor (PR).

In HD tumors (e. g. Tumor 2228 IID P1), numerous nuclei were strongly stained for ER (A) and PR (C shows two regions in
the same sample). In HI tumors (e. g. Tumor D2 HI P2), few nuclei were weakly labelled for ER (B) and almost none was
positive for PR (D) (DAB, 600X). (E) Negative control: Inmunostaining of an HD tumor (Tumor 2228 HD PI) in which
policlonal rabbit antibodies that recognize ER or PR were replaced by normal rabbit serum (DAB, 400X). (F) Western blot of
PR isoforms (PR A, M, 83,000; PR B, M, 115,000) and ERa w two HD tumors " (Tumor D2 HD, P2 and Tumor 2314 HD P1)
and an HI tumor (Tumor 2216 HI P5). Similar bands were obtained in 5 different tested HD tumors; no bands were detectad
in 4 different tested III tumors. Uteri obtained from mice with 10 pg/kg E,. were used as positive control (Control +) and
mouse muscle tissue as negative control (Control -).

Table 1. Immunostaining for estrogen and progesterone receptors in HD and HI tumor transplants.

ER (% positive nuclel + SD) | PR (% positive nuclei + SD)
HD passages (n=7) 55.40* + 16.7 . |48.45* +999 S
HI passages {(n=3) 10.30 + 2.1 - - 1153 + 4 7

“HD turnor paxeages showed a sigruficant highat percentage of positive mucler Tor EX and PR by Student’s two-tatled ~test (p=10-3).

Cloning and sequencing of MMTV(I.A) insertion sites.

In order to identify genome sequemnces altered by MMTV (LA) insertions in our mouse tumor
model, the technique known as Inverse-PCR was performed. This procedure has been successfully used
for different purposes (Ochman et al, 1988; Sheng-He H, 1994; Willis etal., 1997, Li et al., 1999), but
its utilization for identification of MMTV insertion sites has not been repoxted. At the present time, 1n
our model, insertion sites from 3 different tumor lines have been already analyzed.

Briefly, the following procedure has been followed. Tumor DNA (1pg) was digested to
completion with EcoRI in a total volume of 30 ul. Reactions. were stopped by heating at 70° C for 10
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min. Digested DNA was then self-circularized by dilution and ligation using T4 DNA ligase in a total
volume of 600 ul overnigth at 16° C. Circular DNA was precipitated with ethanol and dissolved in ™~
10ml of water. Two ul of this dilution were used in a 50ul PCR reaction containing dNTPs, forward
and reverse MMTV (LA) specific primers, 1x buffer B and enzyme mix in the E-Longase PCR System
(Gibco-Life technologies). We tailored IPCR conditions so as to make it possible to amplify fragments
as large as 12Kb.We used a thermocycler programmed as 92°C 2 min, followed by 30 cycles of 92°C
30 seg., 60°C 30 seg., 68°C 10 min, then a final extension step at 68°C for 15 min. The amount of
PCR product was quantified by electrophoresis on a 1% agarose gel. The PCR products were purified
and directly cloned in the pGem T Easy vector system (Promega). The primers used for [-PCR reaction
are highly specific for MMTV (LA) exogenous virus and do not hybridize with MMTV-endogenous
sequences of BALB/C mice. For sequencing, the same or downstream non-specific MMTV-LTR
primers were used. DNA sequencing was performed using the PRISM BigDye Cycler Sequencing kit
on ABI Model 373A DNA Sequencer. Figure 8 shows a diagram of the I-PCR procedure.
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Figure 8. Inverted PCR (IPCR) procedure. Small arrowheads indicated localization of the amplification primers
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The following figure (Fig.9) shows the Southem blot analysis of tumors D2-HI (A), 2284-
HI (B) and 2312-HI (C), and the corresponding fragments obtained by [-PCR. After cloning and
scquencing of those clones it was found that the three cases corresponded to INT2/Fef3 locus
msertions (Figure 9 D).

A B C

Twmor D-2 Famor 2284 Tuaor 2312

TRt

W B et
“lie DR PR HE L
Tumer 2783 Tumor D-2

and 2312

Figure 9. Southerns blot analysis of EcoRI digested DNA from HI tumors of second passage and IPCR product of A) D-2, B)
2284 and C) 2312 tumor lines. D) Int-2 gene. Coding and no-coding reg_ions--are indicated. Black lines indicated intron

portion. i

Leukemia Inhibitory Factor (LIF) invelvement in mouse ihammarv sland development and

invelution.
LIF expression pattern during different developmental stages of the mouse mammary gland

Relative levels of LIF gene expression during mammary development were examined at several
different stages of growth, differentiation and involution. Mammary glands from virgin females with
" rapidly proliferating ducts (33 days old), adult virgin female with growth quiescent mammary glands
(80 days old), pregnant females during lobule-alveolar proliferation and differentiation, nursing
females with fully differentiated glands, and females 24 hours after weaning when many of the
differentiated cells are dying, were assayed for mouse LIF expression by semi-quantitative RT-PCR
(Fig 10 A). The results show that LIF is expressed at detectable and similar levels in puber, adult virgin
and pregnant females. However, LIF mRNA droppcd to almost undetectable levels right after
parturition and remained low during the whole lactation period. LIF expression levels did not show
significant fluctuations among the different phases of each of these developmental stages: No

29



differences were found among dxﬁ'erent phases of the estrou.s cycle in virgin females 1%, 7”d apd 3%
week of pregnancy; and 1%, 279 and 3" week of lactation (data not shown). On the other hand, 24 hours -~
after weaning, LIF mRINA levels showed a steep increase, being this level of expression significantly
higher, not only with respect to lactation, but also to adult mammary glands (Fig 10A). LIF expression
was .also tested in epitheltum-divested mammary glands (cleared #4 fat pads) of adult females- at
different stages of the estrous cycle and at different times during pregnancy. Mammary fat pads of
females that were ovariectomized at the third week of age were also tested. In all these cases low, but
detectable levels of L1 expression in the mammary stroma were detected. Once again, no variations in
LIF mRNA levels were found related to hormone status either in virgin or pregnant females. Due to the
lack of LIF level variation between these conditions, the data retcmno to LIF stromal expression were
pooled and the average level is shown in the corresponding column of Fig 10A. These results show that
at least part_of the mammary LIF expression found in virgin and pregnant females could be due to
transcription occurring in stromal mammary cells. '

In order to confirm the up-regulation found during involution, and to check LIF transcript size,
Northem blot analysis, using poly A RNA from adult virgin, lactating and involuting mammary glands,
was carried out. High levels of a unique 4.2 Kb. LIF transcript were found only at involution phabe By
this method, LIF expression was undetectable in mammary glands of both nursing and virgin adult
fernales (Fig. 10B).
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Figure 10: LIF expression levels at different stages during mammary gland development and differentiation. A) LIF
expression levels as determined by RT-PCR using mouse mammary RNA (lanes 1-6) from: 33 days old puber virgin
females (lane 1), 80 days old adult virgin females (lane 2), epithelium divested glands (lane 3:), pregnant females (lane 4),
nursing females (lane 5), 20 hours aﬁcr weaning (lane 6) and mouse uterus (lanes 7 & 8), in estrous (lane 7) and diestrous
(lane 8). Upper panel: Semi-quantitative comparison of LIF expression levels. Results are presented ds a ratio of that
detected in total mammary RNA from 33 days old virgins (fixed value=1). Each column represents the mean, and bars
-Tepresent the SE, determined from 4 to 6 separate RT-PCR experiments. * indicates a significant increase in the relative LIF
expression level when the involuting gland is compared with the adult virgin 80 days old female mammary glands (P<0.01).
Lower panel: cthidium bromide stained gel showing one of the RT-PCR assays described above. B) Northern blot analysis
* of LIF expression at different mammary gland stages. Six pug of poly-A RNA from lactating (Lact.), mvoluting (Inv.) and 0
-days old virgin female mice (80d) were loaded in each lane and hy bndxzed with a LIF ¢cDNA specific probe (upper panel)

or a GPDH cDNA specific probe (lower panel).



Because of their higher sensitivity, RT-PCR semiquantitative assays were carried out in order to
obtain a more detailed analysis of LIF expression during involution. These experiments revealed that
during the first 8 hours of involution LIF levels remained low. However, 7 hours later (15 hours
mvolution) a detectable increase was observed. These levels peaked 20 hours after the pups had been
removed and lasted up to 3 days after weaning. Twenty-four hours later, LIF expression had recovered
similar levels to those found in virgin females (Fig 11A).

. Mammary LIF Receptor (LIF-R) expression levels at all the physiological conditions described
above were also tested by semiquantitative RT-PCR analysis. In this case, no differences were found
among virgin, lactating and different times of involuting glands (Fig. 11B). Thus, LIF expression
regulation is not associated to the LIF-R levels.
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Figure 11: LIF and LIF-R: expression levels at different stages during mammary gland involution.
A) LIF expression levels as determined by RT-PCR using mouse mammary RNA from: 33 days old virgin females
(lane 1), nursing females (lane 2), 8 hours (lane 3), 15 hours (lane 4), 20 hours (lane 5), 3 days (lane 6) and S days (lane 7)
afer litter removal. Upper panel: Semi-quantitative comparison of LIF expression levels. Results are presented as a ratio of
that detected in total mammary RNA from 33 days old virgins (fixed value=1). Each column represents the mean, and bars
represent the SE, determined from 4 to 6 separate RT-PCR experiments. * indicates a significant increase in the relative LIF
expression level of mammary glands at both 20 hours and 3 days after weaning, compared with the level found in 5 days of
invohution (P<0.01). Lower panel: ethidium bromide stained gel showing one of the RT-PCR assays described above. B)
LIF-R expression levels as determined by RT-PCR using mouse mammary RNA from: 33 days old virgin females (lane 1),
nursing females (lane 2), 8 hours (lane 3), 15 hours (lane 4), 20 hours (lane 5), 3 days (lane 6) and 5 days (lane 7) after litter
"removal, and 80 days old virgin female mice (Jane 8). Upper panel: Semi-quantitative comparison of LIF-R expression
Ievels. Results are presented as a ratio of thai detected in total mammary RNA from 33 days old virgins (fixed valie=1).
Each column represents the mean, and bars represent the SE, determined from 4 to 6 separate RT-PCR experiments. Lower
panel: ethidium bromide stained gel showing one of the RT-PCR assays described above.
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Immunohistochemical analysis of LIF expression also revealed its increase at the protein level
during the first stage of mammary gland involution. Positive staining was found in the cytoplasms of ~
epithelial cells as well as in the intercellular spaces of regressing lobules and ductules. On the other
hand, no staining was found in the mammary epithelium of lactating mice (Figure 12). We have also
observed scattered positive LIF stained epithelial nuclei in the 48 and 72 hours involuted glands.
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Figure 12: LIF immunostaining during invohstion.,
Cytoplasmic LIF expression (arrows) was observed in epithelial ceils at the 3™ day of mammary gland involution (A).
However, not positive staining was detected if the first antibody was replaced by PBS in a similar tissue sample (B).

To determine whether other members of the LIF cytokine family would follow the same
expression pattern, semiquantitative RT-PCR analysis was carried out with 1L-6 specific primers.
Although an increase in [L.-6 expression was found associated with mammary involution, several facts
suggested that IL-6 and LIF would not be under exactly the same regulation. Similar IL-6 expression
levels werc found in mammary glands from virgin, pregnant and lactating females, thus, no inhibition
was associated with lactation (data not shown). In addition, IL-6 expression level in the mouse
mammary gland required at least 40 amplifying cycles and 2 to 3 pg of RNA for amplifying IL-6
mRNA, while LIF expression needed a significant lower number of amplifying cycles and template
amount (see Material and Methods). Alternatively, only 28 cycles and 1ng of RNA werc required when
testing IL.-6 expression in dendritic cells or ]ymphocy es (usmg the same primers).

LIF expression is regulated locally by mzlk stasis - :
The pattern of 1.IF expression during involution indicated that it was associated to the ﬁrst stage-

of this process. It has been demonstrated that local factors rather than systemic hormones regulate the
events occurring during this phase (Liu e? al, 1996). In order to confirm whether LIF expression is
triggered by the lack of milk efflux and the consequent release of local factors, one of the #4 mammary
glands of lactating females was either sealed or its connection to the nipple surgically removed while
the other 9 glands remained intact. In this way, lactogenic hormones maintained their systemic level
while involution associated local factors were triggered in the sealed gland. The experimental mice
continued nursing their pups for more than 3 days when both #4 glands were removed. Figure 13A
shows that sealing as well as surgical procedures mduced a significant LIF expression increase,
although scaling the teat was more effective. In fact, the LIF increase resulting from this treatment was
approximately the same as that observed in the involuting gland 72 hours after weaning. These results
show that milk stasis would be enough stimulus to induce LIF transcription in mammary glands of
females with a high level of circulating lactogenic hormones. |



It was then decided to investigate whether lactogenic hormone treatment would be able to
reduce LIF expression in the mammary gland after weaning. Treatment with glucocorticoids (Hyd) was
chosen because these hormones have been reported to exert a negative effect on LIF expression in
other experimental models (Bamberger et al., 1997). For this purpose, pups were removed from their
mothers and half of them were treated with hydrocortisone (Hyd) for the 3 following days after which
the mammary glands were examined. Hyd did not induce a sigmficant inhibitory effect on maminary -
LIF expression dwing involution (Fig. 13A). This result confirms that the decrease of circulating
glucocorticoid level during involution does not play a relevant role in inducing LIF expression after

weaning.

Northern blot analysis was camed out to confirm the strong induction of LIF expression
observed in sealed glands during lactation. By this method, similarly high expression levels were
observed in mammary glands of non-treated females 3 days after weaning and in females with #4
sealed teats during 3 davs in the midst of lactation. Contrarily, no LIF was detected in intact mammary
glands from either late pregnant or nursing females (Fig. 13B).
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Figure 13: Effect of local vs. circulating factors on LIF expression induction.

A) 1.IF expression levels as determined by RT-PCR using mouse #4 mammary gland RNA from nursing females (lanes 2-.
5) in which the right glands were left intact (lanes 2 and 4) or milk efflux from the contralateral glands were eliminated
either surgically (lane 3) or by sealing the nipple (lane 5). These females were nursing their pups for 3 days before litter
removal. Besides, LIF expression levels were also determined using RNA from 3 days imvoluting glands from females that
were inoculated with either saline solution (lane 6) or hydrocortisone (Hyd) (lane: 7) daily after litter removal. Lane 1
shows the standard LIF expression level from 33 days old virgin mouse mammary glands. Upper panel: Semi-quantitative
comparison of LIF expression levels. Results are presented as a ratio of that detected in total mammary RNA from 33 days
old virgins (fixed value=1). Each column represents the mean, and bars represerit the SE; determined from 4 separate RT-
PCR experiments. * indicates a significant increase in the relative LIF expression level in the mammary glands of surgically
removed and sealed nipple compared with the expression level found in the contralateral intact ones (P<0.001). Lower
panel: ethidium bromide stained gel showing one of the RT-PCR assays describad above. B) LIF expression Northern blot
analysis of #4 mammary gland poly-A RNA from: late pregnant mice (lane: 1), lactating intact glands (lane 2), intact glands
_ 3 days after weaning (lane 3) and lactating glands in which their #4 teats have been sealed during 3 days (lane: 4). The blot

was first hybridized with a LIF ¢DNA specific probe (upper panel), then siripped and hybridized with a GPDH ¢cDNA

specific probe (lower panel).
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LIF induces cell death in the mammary gland epithelium and Stat3 activation :

In order to study LIF protein effect on the mammary gland, LIF containing pellets were
unplanted m the lactating glands when endogenous expression 1s at its lowest level. Our goal was to
determine whether the presence of exogenous LIF during lactation could induce events associated with
involution while the mouse was still nursing its pups. Analysis of H&E stained slides from LIF pellet
implanted glands showed no relevant morphological alterations. However, it has been demonstrated
that the first stage of involution is characterized by apoptosis of the secretory cells rather than gland
architectural alterations. Therefore, quantification of apoptosis was assessed morphologically in these
sections (Fig.14 C, and inserts). Significantly more apoptotic nuclei were found in the LIF pellet
implanted mammary glands: 3.92% = 0.26% compared with control glands implanted with placebo
pellets: 0.98% = 0.22% (n=5, mean + S.E. p=0.0019, Student’s t-test for paired samples). Induction of
mammary epithelium apoptosis by LIF pellet implantation was confirmed by TUNEL analysis (Figure
14): 3.62% % 0.50% vs. 1.16% % 0.5% (n=5, mean = S.E. p=0.0017, Student’s t-test for paired

samples).  color prints in the appendix
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Figure 14: LIF induces apoptosis in lactating mammary glands

TUNEL staining of lactating mammary glands treated with LIF (A) or with placebo (B) pellets. TUNEL-positive

apoplotic cells are identified as brown stained nuclei and they clearly predominate in A (magnification 400x). Arrows in the
inserts show apoptotic cells in the same sections stained with H&E. Observations made by this method correlated with the
results obtained by TUNEL assay. Quantification of the resuits (C) Each bar represents the mean of data collected from five
independent samples. Error bars represent standard error of the mean,Mean and SE were compared by Student’s t-test for’

paired samples



It has been previously reported that LIF can activate Stat3 in several cell types and that
phosphorylation of Stat3 (p-Stat3) 1is enhanced during the first three days of mammary gland
involution. In contrast, very low p-Stat3 was found in pregnant and lactating glands (Chapman et al.,
1999). Therefore, LIF ability to activate Stat3 transcription factor in the mammary gland was assayed
i the LIF implanted pellet lactating glands. Phosphorylated Stat3 level was evaluated by unmunoblot
assays after Stat3 immunoprecipitation. LIF pellet implanted mammary glands showed a significant
increase in Stat3 activation when compared with placebo pellet implanted glands: 62.2% =+ 4.8% vs.
21.9% =+ 8.1% relative to the highest level of Stat3 activation observed in 48 hour-involuting glands
(n=4 mean * S.E., p=0.005, Student’s t-test). Lactating non-treated mammary glands were tested as

negative controls ("Flo 15).
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Figure 15: Effect of LIF on tyrosine phosphorylation of Stat3.

Immunoprecipitation and Western blot analysis of protein cxtracted from: intact 48 hours involuted mammary glands (lane
1), lactating mammary glands containing a LIF pellet (lane 2) or a placebo pellet (lane 3) and intact lactating glands (lane
4). Samples were immunoprecipitated with Stat3 antibody and immunoblotted with anti-phosphorylated Stat3 (p-Stat3)
(Upper panel). Membranes were then stripped and reprobed with anti-Stat3 antibody (Lower panel). Graph: Quantification
. of the results of four independent mice. Each bar represents the mean and standard error calculated as a percentage of the
value obtained in involuted gland in each blot Mean and SE were compared by Student’s t-test.



D. RESEARCH DESIGN AND METHODS:
 Aim #| Progression of pregnancy-dependent tumors after dormancy in virgin females.

We believe that the specific features that pregnancy-dependent tumors depict when they resume
growth show clues that could lead us to the specific mechanisms involved in the surviving and fast
progression of hormone-dependent mammary tumeors after long-term dormancy: In cur model as well
as in other MMT V-induced, pregnancy-dependent tumor models (Sluyser & Van Nie, 1974), ER and
PR expression are required for pregnancy-dependent tumor growth. However, our preliminar results
show that ER and PR content are much Jower in turnors that resumed growth after dormancy even
though they required hormone stimulation to develop. Therefore, our hypothesis is that a small ER and
PR positive population present in the dormant tumor provides specific signals-(e. g. growth factors)
that allow ER-PR- cells to rapidly grow and surpass the ER+PR+ slower cell populations. In order to
fest this hypothesis, 1mm? fragrnents of HD tumors will be implanted in the mammary fat pad and will
remain there for about 5 months in virgin hosts. These females will be then either impregnated or
treated with estrogen and progesterone in order to allow tumor development. Right before
impregnation and at different times during tumor development (for example once a week during the
first four weeks of tumor development), tumor samples will be analyzed to identify the presence of
ER+ and PR+ cells by immunohiostochemistry to identify their relative quantity and distribution
during the dormancy period.

In these animals, at different times after implantation, Br dUJ uptake studies will be performed in
order to determine whether the dormant rumors remain in Go or keep a low but detectable level of DNA
synthesis (Wijsman et al., 1991).

It has been reported that breast invasive ductal carcinomas that show fibrotic foci have more
aggressive characteristics than those without them (Hasebe, et al., 2001). Taking into account the high
level of fibrosis observed in our model in tumors resuming growth after dommancy, proliferative
activity of these active growing tumors will be analyzed by BrdU uptake as well as by PCNA and Ki-
67 immunostaining. We will be then able to determine whether tumors that resumed growth after
dormancy divide faster than the regular mammary turnor cells. In addition, double labeling (with
hormone and growth factor receptors) will allow us to identify which factors would be invelved in
stimulating growth of these cell populations.

The presence of a rich stroma in tumors coming from dormancy periods suggests that factors -
belonging to the FGF (Fibroblast Growth Factor) family could be involved in dormant mammary tumor
progression. We have chosen to analyze in our model 3 members from this family of proteins. The
following paragraphs indicate the reason why these proteins were selected:

A) bFGF /FGF2 In a new experimental model, it has been shown that fibrosis 1s associated
with aggressive inflammatory breast cancer (Shirakawa et al., 2001). In this case, over-cxpression of
bFGF/FGF2 has been observed. It has been also shown that production of this factor by pancreatic
cancer cells induces ductal and stromal hyperplasia of the pancreas (Kuniyasu et al., 2001). Besides,
bFGF/FGF3 has an important proliferative activity in different hormone—responsive mouse mammary
tumor models (Jiang et al., 1993, Lamb et al., 1999).

B) INT2/FGF3. More than 15 years ago (Peters et al., 1983) it has been established that
“more than 50% of the mammary tumors arising in BR6 mice contain an acquired MMTV provirus
integrated within a defined 25-kb domain of DNA on mouse chromosome 7 (Dickson et al., 1984). It
was then found that the protein encoded by int-2 gene belonged to the Fgf family (Fgf3) (Smith et al.,
1988). Mammary glands of virgin Fgf3 transgenic females appeared normal with only microscopic
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areas of ductal hyperplasia composed of focal aggregates of cells. After parturition, the hyperplastic

areas either regressed or remained static, becoming more pronounced in subsequent pregnancies. In this -
regard lesions resembled pregnancy-dependent lesions observed in BR6 mice and in our own model

{Muller et al., 1990; Stamp et al., 1992). In addition, we have observed alteration of the int2 locus in

the 3 tumor lines tested (see “Preliminary results”); two of which have resumed growth after dormancy

(T2312 and 2284). In the third one, the Fgf3/inr2 insertion appeared early in the D2HD tumor (see

Preliminary results). Then, it was not associated with HI patterm of gmvrrh and high fibrosis observed

in the other two cases. However, it has to be noticed that this mutation is also present in the tumor

belonging to this line that have resumed growth after dormancy. Then, over-expression of Fgf3/mt2

could be necessary but not sufficient for displaying the phenotype observed in these tumors.

C) FGF4. It has been reported that Fgf4 transfected MCF-7 cells show a very important
mitogenic activity that mask, if existant, their responsiveness to estradiol. In addition this factor
induces secretion of VFGF that would be probably associated with the more aggressive phenotype
observed in the MCF-7-Fgf4 cells. (Hajitou et al., 2000).

The expression of these genes will be analyzed in tumors that resumed growth after dormancy
as well as their passagés compared with HD and HI tumors that did not go through that process. The
analysis will be made at the RNA level (Northern blot analysis) and protein level (Western blot
analysis and Immunohistochemistry). Sirnilarly, expression of FGF-R will be analyzed in these
samples. In addition, in situ hybn:hzauon analysis will be carried out in dormant tumor samples right
before and after hormone stimulation in order to identify the cell populations responsible for’ their

production.

Another common trait that tumors that resumed growth after dormancy showed quite frequently
is the presence of squamous metaplasia foci. This would indicate that in these tumors there are cells
- that suffer transdifferenciation into epidermis. In order to verify these events, the presence of keratins
- K1 and K35 will be investigated. In wild type epidermis, K1 is found in the spinous layer and K5 is
_observed preferentially in the basal layer and outer root sheath of hair follicles. K1 is not found in
mammary epithelium and K5 is found in the myoepithelium surrounding ducts and alveoli. However,
K1 and K5 are detected in hyperplastxc structures and squamous cells upon activation of b-catenin
(Miyoshi et al., 2002). Their expression patterns resembled those seen dunng epidermal differentiation.
K1 and K3 immunostaining will be performed in pregnancy —dependent tumors, regular HI tumeors and
HI tumors that resumed growth after hormone stimulus. This will confirm that association betwecn
dormancy and transdifferentiation. In addition, since activation of b-catenin has been shown to induce
transdifferentiation in mamimary secretory cells, its level of expression and localization will be also
tested in these tumors. In addition, as this protein is part of the wnr pathway, different steps of this
cascade will be analyzed. Simiilarly, interaction with the lymphoid enhancer transcription factors
(LEFs) and T cell factors (Tegs) followed by translocation of the entire complex to the nucleus will be
analyzed. Expression and localization of the proteins involved will be studied by Western blot analysis,
immunohistocehmistry, and microscopic visualization. Activation of the transcription factors will be
analyzed by Electrophoretic Mobility Shift Assays (EAMSA).

In another hormone-dependent mouse mammary tumor model, it has been shown that
administration of phosphothiolated antisense oligonucleotides against the IGF-I receptor efficiently
inhibit tumor growth (Salatino et al., 2001). In our model, we will determine whether blocking FGF-R
by this approach would affect tumor growth stimulation after dormancy. These authors report that the
most efficient treatment is to inoculate the oligonuclotides in the tumor body (100mg/day per 12 days).
In our case, both #4 fat pads will be implanted with tumor fragments, after 5 months, the female mouse
will be impregnated. When pregnancy is detected, one of the #4 mammary fat pads will be treated with
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the antisense oligonucleotides, while the other one will be treated with placebo. Then, tumor growth in
both flanks will be compared. Histological features as well as proliferative activity (by mitosis count, -
PCNA and/or Ki 67 staiming), apoptosis (by morphological as well as TUNEL analysis) will be
evaluated in these tumors.

Problems and alternative experiments: We do not expect major problems with the first phase
of studies proposed in this aim. First, we have to characterize tumors that went through a period of
dormancy and their successive progression. Therefore, the main problem could be technical as the
possibility of the target proteins to be identified by the antibodies used, i.e. antibodies quality, antigen
stability, fixation of the tissue samples, etc. A more difficult problem to solve would be blocking the
action of the investigated growth factors in vivo in order to test their activity. Inoculation of antisense
sequences has been successful in other tumor models, however we will have to set up the conditions for
our experiments, being a new approach this could be the major source of trouble. Another approach to
evaluate the activity of the growth factors involved can be done by using KO animals (or conditional
KO animals) when available. In that case we could also determine whether these growth factors are
provided by the tumor tissue or by the host.

Aim #2: Cloning and sequencing MMTYV insertion site in order to find new venes associated

to tumor progression

Our goal is to continue the isolation and clomng of MMT V(LA) insertion sites following the
procedure described in “Preliminary Results”. We are bpemally mterested in cloning out msertion
sites associated to acquisition of hormone- mdependenc} in order to 1dent11y genes mvolxed in that

process.

Besides the obvious opportunity of fmdmg new genes associated with’ mammary tumorigenesis
and/or tumor progression, cloning and sequencing regions next to insertions found in HI tumors will
make possible to investigate by PCR analysis whether this insertion was already present in the HD
original tumor although not detectable by Southern blot analysis. This will allow us to learn whether
the msertion sites observed in HI tumors are already present in a small underrepresented subpopulation

~ of the HD tumor that are selected during tumor progression or they are newly acquired one that induce

a fast change in tumor development.

~ Upon finding MM1'V affected loci, expression of putative coding regions near the insertion sites
will be evaluated by Northern blot analysis. In addition, using speulﬁc probes for the mousc genomic
region next to the insertion site we will determine whether that area is commonly affected by MMTIV
msertions in our tumor pool by Southern blot analysis. In case we confirm that a putauve gene
expression is affected by the insertion, the other tumors will be also tested for altered expression by
Northemn blot analysis and/or RT-PCR. In this case also, normal epithelial cell lines (Jike NMuMG or
HC11 cells) will be transfected with expression vectors containing the either altered or over-expressed
sequences, in order to determuine whether any change in cellular behavior is observed.

This part of my project is the one we believe can provide a very rich interaction with Drs. Gilbert
~ H. Smith and Robert Callahan. First, we can interchange data about MMTV altered loci in both mouse
colonies in order to amplify the screening for different MMTV strains and mouse genetic background.
Besides, if we find an interesting new altered locus in our model m Argentina, a transgenic mouse
could be developed in collaboration with their groups. Finally, Dr. Callahan has suggested the
possibility to compare the sequences of the different MMT'V strains carry the mice in both colonies and
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those already known by the literature, in order to find out a pattern that could associate the ability of
different mouse strains to induce either pregnancy-dependent or independent mammary tumors.

Problems and alternative experiments: The first problem you face trying to clone out
fragments obtained from I-PCR reactions is to decide whether or not the fragments obtained
correspond to what we see in the Southern blot analysis. We know the PCR amplified fragment has to
be the same size as the one the detected by Southern blot analysis minus the distance between the
primer used for amplification. However, as we work with fragments that range from 2 to 10kb (see
figures above) it 1s not easy to have a very precise estmation of PCR fragment size from its
visualization in the BrEt stained gels. For example, in tumor D2 HI (see above), cloning out the 2 kb
fragment that we found corresponded to a single MMTV-LTR sequence inserted in the inr2/Fgf area
was relatively easy. However, when we tried to identify the 4kb (aprox.) associated with progression
with hormone-independency we found that we re-cloned the 2kb fragment ligated with something else
during the circularization of DNA. Thercfore, the only way to reducc the possibility of ligation of
different fragment to occur 1s to dilute the restricted DNA solution as much as possible. In some
occasions the DNA solution that is used as DNA template for PCR is so diluted that we need a nested
PCR to be able to see in a BrEt stained gel the reaction product. To this second PCR round we would
use downstream primers that would hybndxze with MMTV sequences, but that do not need.to be
. specific.for MMTV (LLA) since specificity is provided by the PCR first round. Nevertheless, in the case
more than one Eco RI fragment get trapped in the circle and amplified by PCR, this can be dctectcd by
Eco RI digestion of I-PCR products, before or after being ligated to the cloning vector. Another
problem we will face, trying (o clone out bigger fragments (6-12 kb) 1s the fact that these fragments do
not get easily Lrapped by the pGemT vector we are using. In that case we have to take into account that
the necessity of using MMTV (LA) specific primers plays against the necessity of making the cloning
fragment as small as possible. Therefore, once we have obtain the specific PCR fragment, we can re-
amplify these sequences using primers next to the end of the MMTV-LTR and to the EcoRI sitc in the
virus sequence. This way, we will be able to get a significant lower size fragment. Another technical
approach to this problem is to design MMTV (LA) specific primers with restriction endonuclase
sequences at the 5°end of them. Then we will have the possibility to ligate them to other cloning
vectors that accept bigger fragments than pGem1 does. Another way to solve this problem could be to
re-design the I-PCR reaction using a four base cutter instead of a six base restriction enzyme, in order
to get smaller fragments to clone out. This approach would require new Southern blot analysis to
dctcrmme the fragment size of our new cloning targets.

Aim #3: LIF and involution: . .

v Since we have demonstrated a tight relationship between LIF expression and the first phase of
mammary involution we would like now to get a deeper knowledge of the mechanisms involved in
these events. Therefore, we will check the level of expression of genes associated with apoptosis (either
induction or protection) that could interact during transition from lactation to involution (Metcalfe et
al., 1999; Lund et al., 1996). Then, expression levels of a number genes like Bax, Bad, Bcel-2, Bel-x,
ICE will be tested in lactating mammary glands implanted with LIF pellets as well as in mammary
epithelial cell lines as HC11 and NMuMG treated with this factor. On the other hand, it has been
demonstrated that NFKB has the same temporal pattern of activation as the one we have observed for
LIF expression during mammary involution (Clarkson et al., 2000). Therefore, in order to determine
whether LIF treatment of the mammary gland could induce NFKB activation, immunostaining of
mamimary tissue preparations originated in mice treated or not with LIF implants will be performed.
Antibodies against specific members of the kB family will be used (Clarkson et al., 2000). ‘
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A possible stimulus for LIF induction in the mammary gland during involution could be
associated with mammary cells stretching due to milk retention when pups stop suckling. As a matter—
of fact, stretching of cardiac myocytes mnduce Stat 3 activation as well as LIF (Pan et al, 1999). A more
recent report indicates that LIF activity on these cells would be mediated through the MAPK pathway
(Nicol et al, 2001). Therefore, we will determine whether milk retention in the lobular alveoli, due to
lack of pups nursing, induce activation of MAPK cascades in normal mammary tissue, as reported
before for cardiomyocites. On the other hand, I.IF-induced apoptosis has been associated with the
activation of the c-lun Kinase (JNK, a MAPK sub-family member) signaling pathway (Savitz and
Kessler, 2000). Therefore, nipples of lactating mammary glands will be sealed with glue in order to
interfere with milk efflux in those glands and activation of thc MAPK and JNK pathways will be tested
in these glands. Phosphorylation of proteins involved in signaling pathways will be determined by
immunopregipitation and Western blot analysis with antibodies that recognize the active,
phosphorylated forms. Alternatively, specific kinase assays can be performed to assess MAPK and
INK activity (Coso et al., 1995)

In order to obtain a better understanding of LIF activity on mammary epithelial cells, NMuMG

and IIC11 cell lines will be treated with LIF. Then, the proliferative activity as well as apoptotic
induction will be tested. The first one will be determined by Tlmxdme-q’H uptake. Apoptosis will be
evaluated by TUNEL assay, DNA ladder, Brl, Acridine Orange and/or Annexin V assay. In the LIF
treated cell lines, the Stat 3 activation as well as the kinase cascades that were activated by LIF pellet in
vivo will be tested to determine whether their activation is due to a direct activity of LIF on the

epltheha] cells.

In order to study the impact that cell stretching can exert on mammary epithelium, mammary
primary cultures as well as cultured mammary cell 11nes like NMuMG and HC11 will be stretched as
previously described for cardiomyocytes and fibroblasts (I.ee et al., 2000; Komuro et al., 1996). During
that stretching we will analyze LIF expression, NFkB. activity and induction of the MAPK -JNK

signaling pathways.

In case we determine that a kinase pathway is activated by sealing the nipple and possibly by
stretching of the epithelial cell lines, but no activation is obtained by either LIF treatment of these
cultured cells nor by LIF in vivo treatment of the mammary gland, we can hypothesize that these
pathways can be inducing LIF expression instead of being the target of downstream signaling resulting
from the association of LIF with 1ts receptor. In order to test this last hypothesis, HC11 and/or NMuMg
cells will be co-transfected with an cxpression vector containing a reporter gene (f-
galactosidase/luciferase/CAT) driven by the mouse LIF promoter (Gollner et. al., 1998), and vectors
that express MAPK or JNK activating molecules. Over-expression of the reporter gene resulting from
activation of MAPK/INK will be mdlcatlve of MAPK/INK as mediators of sxgnahnv to the LIF

promoter.

In order to test whether the LIT -activated pathways are altered in mammary tumor cells, studies
will be carried out using the MMT V-induced mouse mammary tumors as targets for LIF activity. /n
vivo, the tests will be carried out in tumor implants that will develop in mammary fat pads implanted
with LIF-pellets. /n culture, similar expenments to those that were described in NMuMG or HC11
cells will be carried out in mammary tumor primary cultures. Then, it will be analyzed whether LIF
treatment induces Stat3 activation, apoptosis and the different pathways tested in normal mammary
epithelia (see above). The effect of blocking LIF expreasion in mammary tumor cells will be tested by
treatment with LIF antisense oligo-nucleotides inoculated in the mammary fat pad where the tumor

implant has been implanted.
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Problems and alternative experiments:

The experiments propesed in this section are quite simple and straightforward. However, we are
avvare that beeausce of their novelty, at least for the background and experience of our group, they will
require to be set up. We are not sure about the efficiency of measuring the MAPK and JUNK cascades
in the mammary gland in vivo. In addition, we will have to set up the conditions for measuring the
effect of stretching on mammary epithelial cells, we have crafted a silicon culture plate of variable
lengths that is currently under testing. The other experiments, although they involve establishing new
techniques in our laboratory, have-been widely used in many other models so I do not have any doubts
that we will be able to determine the right conditions to pursue this line of work.

g. Human §uh jects Research
NA

f. Vertebrate animals :
l.. In this project, BALB/c female mice will be used. Number and ;u.stlficatlon of its use will be

specmed for each aim:
Aim #1 Progression of pregnancy-dependent tumors after dormancy in virgin females

Most of the labeling for specific keratins and FGF's of tumors that developed after long term
dormancy will be performed in already collected material so no more mice will be used for the
characterization of these tumors.

In order to follow tumor dormancy and development right after impregnation, 6 female mice
will be used to implant small pieces of pregnancy-dependent tumors in their #4 mammary gland fat
pads. Tumor tissue to be implanted has been already obtained and frozen in liquid nitrogen. Four
fernales will be impregnated 5 month after tumor implantation (2 will be left as control to confirm there
is no tumor decvelopment without hormone-stimulation). BrdU uptake, morphological and
mnrunostaining of tumor samples will be performed in the developing inplanted tumors. We believe
this experiment should be repeated at least 3 times, using therefore about 18 mice with this purpose.
Another 2/3 sets of experiments should be performed when FGF-R antisense oligonucleotide activity
‘on tumor growth is tested. This will take then another 12/18 animals.

Aim #2: Cloning and sequencing MMTYV insertion site in order to find new genes associated to
fumor progresslon.

For pursuing this ooal we will use mostly frozen matenal from tumor tissue we have already
obtained from the 17 in vivo lines we have developed. As described in “Preliminary results”, most of
these lines comprehend pregnancy-dependent as independent variants, and six of them aIso have
variants that correspond to tumor development after dormancy periods. We believe we have enough
frozen material to do all the DNA and also RNA and protein work that involve tumor cloning as well
~ as testing the expression of the affected genes. However, in case we would need more matenial, frozen
_ussue kept in medium with glycerol in liquid nitrogen will be subcutaneously mplanted i BALB/¢

female mice in order to recover turnor tissue.

- Aim #3: Mammary apoptotic signals during early involution.

In our previous experiments, for investigating LII' effect on mammary lactating tissne. LIF
containing pellets had been implanted in the left #4 mammary glands of nursing females. On the right
#4 mammary gland, placebo-containing pellets were implanted. For positive control, involuting glands
were used, while for negative control intact glands from nursing females were utilized. Apoptosis level
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had been determined in formalin fixed and paraffin embedded tissue from these glands. For the project
presented herein, all the proposed immunohistochemical analysis can be carried out in new slides from ™
those paraffin blocks so we won’t need to sacrifice more animals for those assays.

For all the other testing involving RT-PCR, Northern blot and Western blot analvsis in LIF
pellet and placebo implanted glands, we consider that another 10 BALB/c female mice will be
necessary.

. In addition LIF effect will be also evaluated on mammary growing tumors in LIF and placebo
peliet implanted fat-pads. We believe that each of these assays could involve around 5 animals.
Depending on the results, we will test more than a tumor line. Then, number of total animals could rise
to 15 for these experiments.

For testing the activation of different signaling pathways when rnamméry glands are sealed
during lactation, we estimate that another 6 to10 BALB/c female mice would have 10 be used.

All the other experiments proposed in this section involve cell lines and/or primary mammary
cultures. In case we find out that primary cultures will be necessary, more BALB/c mice will be
required. These numbers are very difficult to establish because we have not started vet the setting up of
these assays. However, I believe that a senous first approach could take around 10 mice.

In summary, | believe that during the whole project, 75 to 100 mice (taking into account illnesses,
unexpected deaths, etc.) will be utilized.

2. BALB/c mice will be used because this is the mouse strain in which the MMTV (mouse
mammary tumor virus) variants used in this project were discovered and their tumorigenic activity
described. It is widely known the importance of using in vivo models to study tumor progression. For
example, we have found several interesting histological features associated with tumor growth
resumption that could be revealing tumor progression mechanisms that cannot be simulated in cdlture.
Similarly, there is no in virro model that faithfully reproduces mammary gland involution
Nevertheless, those aspects that can be studied at the cellular or molecular in in culture or in vitro
models, will be carried out in such a way. We believe that the paragraph above shows a fair calculation
of the expected number of mice to be used in the proposed experiments. We do not believe that this is
an excessive number and our mouse colony can supply such an amount.

Balb/c mice from our mouse colony are maintained in a pathogen-free temPeramre—controHed
environment. They are housed 4 per cage in air conditioned roomis a t 20 + 2°C, keep under an
automatic 12h light/12 hour darkness schedule and given stenlized laboratory chow and water ad
libitim in accordance with the NIH Guide for the Care and Use of Laboratory Animals.

3. The animals are under permanent professional veterinarian care. Dr. Héctor Costa (MV) is our
full time professional assistant, member of the CONICET (National Council of Scientific and
Technological Research) Assistant Career, who takes care of the animal health. Besides, there are
another 5 non-professional employees who take care of the different issues of our animal facility.

Our animal facility has been already approved by NIH. A Fogarty International Research
Collaborative Award (FIRCA #5-34881; Pls: Isabel Piazzon Ph. D in Argentina, Susan Ross, Ph. D. at
the University of Pennsylvania in USA) has been awarded two years ago for experimental work that
also involves our mouse colony. -
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4/5  All the surgical procedures, including pellet and tissue implantation, wﬂl be perfoxmed premous
inoculation of Nembutal as anesthetic. During surgery, the animals will be movement restrained
without hurting their limbs. When nccessary, euthanasia will be performed by cervical dislocation or

COs nhalation.
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Institute of Hemathological Research (IIHEMA), National Academy of Medicine of Buenos Aires,
Argentina (Division de Medicina Experimental, Instituto de Investigaciones Hematol6gicas, Academia
Nacional de Medicina de Buenos Aires). The programmatic and administrative personnel of this non-
profit organization are aware of the NIH consortium agreement policy and are prepared to establish the
necessary inter-organizational agreements consistent with that policy.
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Consultant and Reference Jetters
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Herein T present the faxed copies of the reference letters from my former supervisors, Drs.
Gilbert H. Smith and Robert Callahan, as required specifically for the “Global Health Research
Initiative Program for New Foreign Investigators” (the original letters are being sent directly by Drs.
Smith and Callahan). They also agrce in becoming consultants and collaborators in the project
described above. The third required letter of reference is provided by Dr Christiane Dosne Pasqualini

Scientific Director of our Institute (IIHEMA). In addition, a tourth letter from Dr. Omar Cow 18
included to show his role as consultant for our project.
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o National Institutes of Health
Bethesda, Maryland 20892
Building 10
Room :5B50

{301) 498- 9871
(301) 402-0711 (FAX)

Aprit 16, 2002

- x>

To Whom it May Concemn

Dr. RN was a Research Fellow in The Oncogenetics Section for 5.5 years
(March,1992-September, 1987). In this position she worked with Dr. Gitbert H. Smith
and myself. During this period she bacame a highly skilled molecular geneticist, who
demonstrated an ability to perform research at an outstanding level in the area of

“mammary gland development and tumorigenesis. Dr. MElll» was a highly productive
scientist. The results of her research has been described in eight publications, four of

- which she was the first author. Furthermore, she was asked to present her work at
seven interational meetings during her stay hera. Since returning to Argentina she
continues to be highly productive. Dr. Wmmsea and her colleagues have devsloped a
novel mouse strain that develops mouse mammary tumor virus (MMTV) induced
pregnancy dependent mammary tumors. She propaoses to use the MMTV genome as a
molacular tag to identify flanking genes whose expression has been altered as a
consequence of viral integration. Dr. Smith and | anticipate collaborating with Dr.
sfesml on this project at the level of nucleotide sequence analysis and chromosomal
localization integrated MMTV genomes -

W -

Robert Callahan, Ph.D.
Chief, Oncogenetics Section
Bagsic Research Laboratory
National Cancer Institute
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3 _/C DEPARTMENT OF HEALTH & HUMAN SERVICES " Public Health Service
*""R Nationat Institutes of Health

National Cancer Institute
Bethesds, Maryland 20892

April 16, 2002

To whom it may concern,

Dr. GEnitEe v 2s a Fogarty fellow in my laboratory from The Spring of 1992
to the Autumn of 1997, During her tenure she was very active in the laboratory,
pwduampapers and co-authoring 4 others. Since her return to Buenos
Aires continued to be an innovative and productive scientist in her own
laboratory, where she supervises several junior scientists. She has developed a novel
mammary tumorigenesis model wherein tumors arise during pregnancy in the mammary
gland but resorb during lactation. In a recent paper, she and her co-workers demonstrate
that these tumors contain numerous estrogen receptor and progesterone receptor-positive
cells. This is unusual in mouse mammary cancer models and represents a unique
opportunity to evaluate the role of estrogen and progesterone in a tumor progression
model in mice, [n addition, she has shown that these hormone-dependent mammary
tumors begin as polyclonal cellular population, which subsequently become monoclonal
during progression to a hormone-independent state. Her laboratory is also engaged in
discovering the genetic mutations that are associated with this model. Using the mouse
mammary tumor virus (MMTV) as a molecular tag, she plans to isolate sequences
flanking MMTV-induced insertional mutations within the hormone-dependent tumors
and to sequence these regions with the aim of identifying the affected gene. It is gur plan

- to collaborate with her in this ventare by providing support for the sequencing ax%
~ chromosomal localizatjon of the MMT V-induced mutations.

Smccrcly Yours,

lebert H. Smith, Ph.D_, Chief

Section for Mammary Stem cell biology
Basic research Laboratory '
Center for Cancer rescarch, NCI

Bldg. 10, room 5B56

9000 Rockville pike

Bethesda, MD 20892-1750

Tel: 301-496-2385

Fax: 3-1 780-1790

E-mail: gs4d @nih.gov




Academla Naclonal de Medicina de Buenos Alres
INSTITUTO DE INVESTIGACIONES HEMATOLOGICAS

«MARIANO R. CASTEX»

J. A. PACHECO DE MELO 308t}
Tel 7 FAX: (54 - 11) 4803 - 9475 /74B05-0712
Conmutador; 4805-5753/3664/3411/5695/8034/6461

C1425AUM Buenocs Aires - ARGENTINA

TO WHOM TT MAY CONCERNm

It is a pleasure for me to recom:nend Dr. w whem I

have known for over 14 years. She c,arne to this Institute as a
young stucent and did her research work on progesterone-
induced mammary tumors with Dr. Claudia ‘Lanari who dlrected
her Ph.D. thesis in 1992. Her achleve:mnts durlnq those: years
vielded several publications. She then spent several years as
a post-doc at the National Cancer Institute where she did
very good work. She always remained in close contact with
this Institute to which she eventually returned: a few vears
ago. She had become a fully developed scientist who is now
leading  a research group which 1is producing - valuable data
continuing with her latereat 1n mammw’y gland development and
involution.

Sk has proved to bv'e a performer above a‘verage in every
step of her career. She graduated with ‘high scores and
immediately fitted in when she started aurlng research at the
bench, earning the respect of colleagues and students. Her
commitment to continuous progress  during this difficult
econcmic crisis has led her to apply for research grants from
foreign prestigious institutions. L

For all these rezsons I fully support her appllcatlon with
the conviction that being an NIH grantee would be an award
that Edith fully deserves. : :

Please feel free to. contact me shculd you need more

information. ' __
8 .
(4 ‘cr.)ﬂae&w/&““
v

Christiane Dosne Pasqualini, Ph.D.
Scientific Director
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UNIVERSIDAD DE BUENOS AIRES

FACULTAD DE CIENCIAS EXACTAS Y NATURALES
DEPARTAMENTO DE CIENCIAS BIOLOGICAS

Laboratorio de Fisiologia y Biologia Molecular

Ciudad Universitaria Coso@bg.fcen.uba.ar Tel.: 54-11-4576-3386
_ Pabellén IT - : 54-11-4576-3368

(1428) Buenos Aires - Argentina . N . Fax: 54-11-4576-3321

) . Buenos Aires, April 10th, 2002

To whom it may concern. _
‘It is with great pleasure that I write this letter to suppost the application

presented by Dr. Yuimiiniinsing.

' I certify that due to our ongoing collaborative p-rojects we will provide
Dr. Spmns group with DNA reagents and antibodies in order to perform MAPK assays.
Our expértise in the field combined with theif'deep knowledge of the ma;mmazy glands will
allow us together to dissect the signaling pathways that link LIF, the MAPKs and

transcri ptx on factors durm g the apoptot]c process.
The necessary equipment necessary to get the results described in her
proposal is available at both her institution and our own, so it is my opinion that there will

be no problem in developing this project in which I act as a consultant.

Should you need any more information do not hesitate to contact me.

Sincerely.

drian Coso Ph.D.



S

Principal investigator/Program Director (Last, first, middie)

CHECKLIST

TYPE OF APPLICATION (Check all that apply.)

| NEW application. (This application is being submitted to the PHS for the first time )
[7] sBIRPhase ! [ ] SBIR Phase it: SBIR Phase | Grant No. _ , [ ] sBir Fast Track
[ ]sTTRPhase! [_]STTR Phase il STTR Phase | Grant No. _ [ ] sTTR Fast Track

[ ] REVISION of appiication number:
(This application replaces a prior unfunded verszon of a new, competing continuation, or supplementa! application )

INVENTIONS AND PATENTS
D COMPETING CONTINUATION of grant number. (Competing continuation appl. and Phase If only)
£ ta extend a funded grant nd its t ¢ pericd.
(This application is ta extend a fui grant bayand its current praject pericd ) No [: Previcusly reported
D SUPPLEMENT -to grant number:" [J Yes. 1F~Yes” 4. ] Not previously reported

{This application is for additional funds fo suppiement a currently funded grant.)

] CHANGE of principat investigator/program directar.
Name of former principal investigator/program director:

. FOREIGN application or significant foreign component.

1. PROGRAM INCOME (Seeinstructions.) .
All applications must indicate whether program income is anticipated during the Denod(s) W‘t is request. if program income

is anticipated, use the format below to reflect the amount and source(s).
Budget Period Anticipated Amount Source(s)

-Cebarment and Suspension; «Drug- Free Workplace (applicadfe fo new
[Type 1] or revised [Type 1} applications only}, <.obbying; -Non-

2. ASSURANCES/CERTIFICATIONS (See instructions.)
The foliowing assurancesicertifications are made and verified by the

signature of the Official Signing for Applicant Organization on the Face o : g
nge of the application. Discngpbonspog mdeurgf assurances/ Delinquency on Federal Debt; -Research Misconduct; «Civil Rights
certifications are provided in Section Il I unable to certfy compiiance, (70 HHS 441 or HHS 690). -Handicapped Indviduas (Form HiHS 641
where applicable, provide an explanation and place it after this page. or HHS 690); «Sex Discrimination (Form HHS 639-A or HHS €90), -Age
) ] L Discrimination (Form HHS 680 or HHS 690); -Recombinant DNA and
‘Human Subjects; -Research Using Human Embryonic Stem Celis* Human Gene Transfer Research; <Financial Conflict of interest (except
«Research on Transplantation of Human Fetal Tissue “Women and Phase | SRIR/STTR) -STTR ONLY: Certification of Research Institution

. Minority Inclusion Policy *Inclusion of Children Policy+ Vertebrate Animalse  Participatian.
3. FACILITIES AND ADMINSTRATIVE COSTS (F&A)Y INDIRECT COSTS. See specific instructions.

] oHHs Agreement dated: No Fadilities And Admiriistrative Costs Requested.
D DHHS Agreement being negotiated with ) Regional Office.
D No DHHS Agreement, but rate established with - ' Date
CALCULATION* (The entire grant application, including the Checklist, witl be reproduced and pmvrded o peer reviewersas conﬂdentla/ information.)
2. Initial budget period: Amount of base $ % Rate applied % =F&Acosts $
b. 02 year Amount of base $ x Rate applied % =FgAcosts §
¢ 03 year Amount of base $ ] x Rate applied % =F&Acosls &
d 04year Amount of base $ ¥ Rate applied % = F&Acosts §
e. O5year Amount of base $ X Rate apphied % = FEA Costs  $
TOTAL F&A Costs
*Check aphropn'aie box{es):
[} salary and wages base [] Modified total direct cost base [ other base (Expiainy

D Off-site, other special rate, or more than one rate involved (Explain)
Explanation (Affach separale sheet if necessary.): : -

4. SMOKE-FREE WQRKPLACE Yes D No {The response to this question has no impact on the review or funding of this application.)

+ PHS 398 (Rev. 05/01) Page Q£ : ’ Checklist Form Page +



	Go Back
	Search
	Cover Page
	Face Page
	Description, Performance Sites, and Personnel
	Table of Contents
	Detailed Budget for Initial Budget Period
	Biographical Sketch-Principal Investigator/Program Director
	Other Biographical Sketches
	Resources
	Research Plan
	a. Specific Aims
	b. Background and Significance
	c. Preliminary Studies/Progress Report
	d. Research Design and Methods
	e. Human Subjects
	f. Vertebrate Animals
	g. Literature Cited
	h. Consortium/Contractual Arrangements
	i. Letters of Support (Consultants)

	Checklist

